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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʝʪ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ ʂʦʤʧʘʩ. ɺʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʧʨʝʜʝʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʧʣʘʩʪʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʦʪ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʤʘʰʠʥ ʧʨʠʤʝʥʷʝʤʳʭ  ʚ ʫʩʣʦʚʠʷʭ ʰʠʨʦʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʧʨʦʛʨʘʤʤʘ 

ʂʦʤʧʘʩ, ʨʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ, ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

Abstract  

The paper presents calculation of finite element machine components, taking into account 

the effect of temperature in the system of Compass. Revealed a significant effect of temperature 

in a wide range on the margin of the structure. Determined the dependence of the safety margin 

for Ductile metals and alloys from temperature changes. Recommendations at the choice of the 

metals and alloys for the manufacture of machine elements used in the context of a broad 

external temperature.   

Keywords: image editor, computer programs, program compass calculation for strength, 

durability, temperature influence on strength, finite element method.  

 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ  ʜʝʪʘʣʝʡ ʤʘʰʠʥ, 

ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ 

ʤʝʣʠʦʨʘʪʠʚʥʳʭ  ʤʘʰʠʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ [1, 2]. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʢʘʢ: Mechanical Desktop, 

SolidWorks, T-flex, Inventor Pro, ʂʦʤʧʘʩ ʠ ʜʨʫʛʠʝ. ʇʨʠʯʝʤ, ʤʝʪʦʜʠʢʘ ʩʦʟʜʘʥʠʷ ʦʙʲʝʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʟʜʘʥʠʷ 

ʩʙʦʨʦʢ ʠ ʧʦʜʛʦʪʦʚʢʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʚ ʮʝʣʦʤ, 

ʠʜʝʥʪʠʯʥʘ. ʆʜʥʘʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʪʣʠʯʠʷ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʩʫʱʝʩʪʚʫʶʪ, ʚ ʵʪʦʤ 

ʩʤʳʩʣʝ ʫ ʢʘʞʜʦʡ ʧʨʦʛʨʘʤʤʳ ʠʤʝʶʪʩʷ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʨʘʥʥʠʭ ʚʝʨʩʠʷʭ 

ʥʝʢʦʪʦʨʳʭ ʧʨʦʛʨʘʤʤ ʦʪʩʫʪʩʪʚʦʚʘʣ ʤʦʜʫʣʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʯʥʦʩʪʥʦʛʦ ʨʘʩʯʝʪʘ. ʂ ʧʨʠʤʝʨʫ, 

ʚ ʧʨʦʜʫʢʮʠʠ ʢʦʤʧʘʥʠʠ Autodesk,  ʚ  ʧʨʦʛʨʘʤʤʝ Inventor Pro  ʠʤʝʝʪʩʷ ʤʦʜʫʣʴ ʜʣʷ ʘʥʘʣʠʟʘ 

ʥʘʧʨʷʞʝʥʠʡ, ʦʜʥʘʢʦ ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʮʠʷ ʜʣʷ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʯʥʦʩʪʴ 

ʜʝʪʘʣʠ. ɺ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʷʭ ʧʨʦʜʫʢʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʠ ɸʩʢʦʥ  ï  ʂʦʤʧʘʩ 

ʠʤʝʝʪʩʷ ʤʦʜʫʣʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ 

ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ʤʘʰʠʥ ʩ ʫʯʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʣʠʷʥʠʡ.  

ʋʯʝʙʥʳʝ ʙʝʩʧʣʘʪʥʳʝ ʩʪʫʜʝʥʯʝʩʢʠʝ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʂʦʤʧʘʩ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʝʢʪʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ çʄʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 



ð 6 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʨʠʨʦʜʦʦʙʫʩʪʨʦʡʩʪʚʘ ʠ ʟʘʱʠʪʳ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭè ʈɻɸʋ-ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. 

ʊʠʤʠʨʷʟʝʚʘ [3]. ɺ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʠʣʠ ʤʦʜʝʨʥʠʟʠʨʫʶʪʩʷ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʜʦʨʦʞʥʳʭ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʤʦʞʝʪ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ï 40 ʜʦ +40Á. ʊʘʢʦʡ ʨʘʟʙʨʦʩ 

ʪʝʤʧʝʨʘʪʫʨ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

ɺ ʧʨʦʛʨʘʤʤʝ ʂʦʤʧʘʩ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʤʘʰʠʥ, ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʝʪʘʣʠ ʤʘʰʠʥ ʠʟʥʘʯʘʣʴʥʦ ʩʦʟʜʘʶʪʩʷ ʚ ʦʙʲʝʤʝ, ʘ ʟʘʪʝʤ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʯʝʨʯʝʥʠʷ ʦʙʲʝʤʥʳʝ ʵʣʝʤʝʥʪʳ ʧʝʨʝʚʦʜʷʪʩʷ ʚ 

ʧʣʦʩʢʦʩʪʴ, ʪ.ʝ. ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʬʦʨʤʠʨʫʝʪʩʷ ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ 

ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʝ. ʆʙʲʝʤʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʧʨʦʛʨʘʤʤʝ ʂʦʤʧʘʩ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ 

ʚʳʜʘʚʣʠʚʘʥʠʝʤ ʠ ʚʨʘʱʝʥʠʝʤ ʵʩʢʠʟʦʚ, ʢʨʦʤʝ ʪʦʛʦ ʚ ʩʠʩʪʝʤʝ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʦʧʮʠʡ ʜʣʷ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʤʥʳʭ ʜʝʪʘʣʝʡ. ʊʘʢʞʝ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʩʩ-

ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʘʣʝʡ.   

ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʜʝʪʘʣʝʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʰʠʥ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʠʭ 

ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ. ʈʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ 

ʂʦʤʧʘʩ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʩʦʟʜʘʥʠʝ ʦʙʲʝʤʥʦʡ ʜʝʪʘʣʠ; ʟʘʜʘʥʠʝ 

ʤʘʪʝʨʠʘʣʘ;  ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʦʨ; ʫʩʪʘʥʦʚʢʘ ʥʘʛʨʫʟʦʢ; ʩʦʟʜʘʥʠʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ; 

ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʘ; ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʠ ʛʠʩʪʦʛʨʘʤʤ. 

ɺ ʩʣʫʯʘʝ ʨʘʩʯʝʪʘ ʜʝʪʘʣʠ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʜʘʥʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʦʙʘʚʣʷʝʪʩʷ ʧʫʥʢʪ çɿʘʜʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳè. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʯʝʪ ʙʘʣʢʠ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʙʘʣʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʥʩʪʨʫʢʮʠʶ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʚʳʩʦʪʦʡ 15 ʤʤ ʠ ʰʠʨʠʥʦʡ 10 ʤʤ. ɼʣʠʥʘ ʵʣʝʤʝʥʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 150 ʤʤ. ʇʦ ʢʨʘʷʤ ʙʘʣʢʠ ʠʤʝʝʪʩʷ ʜʚʝ ʦʧʦʨʳ, ʤʘʪʝʨʠʘʣ ʙʘʣʢʠ ï ʩʪʘʣʴ. ʇʣʘʥ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʘ ʙʝʟ 

ʫʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʙʘʣʢʠ ʧʨʠ 5 ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʆʩʥʦʚʥʳʤ ʠʩʩʣʝʜʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ  ʧʦʩʣʝ ʢʘʞʜʦʛʦ 

ʨʘʩʯʝʪʘ, ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʚʦʜʷʪʩʷ ʚ 

ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʅʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ 

ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʥʦʨʤʘʤʠ ʠ ʧʨʘʚʠʣʘʤʠ (ʉʅʠʇ), ʜʣʷ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ï ʚʥʫʪʨʠʦʪʨʘʩʣʝʚʳʤʠ ʟʘʚʦʜʩʢʠʤʠ ʥʦʨʤʘʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʜʣʷ ʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʥ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ n = 1,5-2,5, ʜʣʷ ʭʨʫʧʢʠʭ ï n = 2,5-5 

[4, ʩʪʨ. 33]. 

ɺ ʮʝʣʦʤ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʚʣʠʷʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʘʪʝʨʠʘʣ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʩʘʤ ʧʨʦʮʝʩʩ 

ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʝ ʚʳʷʚʣʷʝʪ ʩʚʦʠ ʚʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʯʥʦʩʪʠ, 

ʵʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʤʝʨʘʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʪʝʪʨʘʵʜʨʦʚ) [5, 6, 7]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʯʝʪ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʝʜʩʪʘʚʠʪ ʩʦʚʝʨʰʝʥʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ. 

ʀʤʝʥʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʭʝʤʝ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʜʥʦʛʦ, ʥʘʠʙʦʣʝʝ 

ʚʝʩʦʤʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʠ ʧʦʩʪʦʷʥʩʪʚʝ ʜʨʫʛʠʭ. ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

ʧʨʠʥʷʪ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʜʣʷ 

ʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʥʷʪ ʪʝʧʣʦʚʦʡ ʬʘʢʪʦʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ ʧʨʦʛʨʘʤʤʝ ʂʦʤʧʘʩ ʚʝʨʩʠʠ çʂʦʤʧʘʩ-3DV16è ʩʦʟʜʘʝʪʩʷ ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ 

ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʣʢʠ. ɼʘʣʝʝ ʚ ʤʝʥʝʜʞʝʨʝ ʙʠʙʣʠʦʪʝʢ ʚʳʙʠʨʘʝʪʩʷ ʨʘʟʜʝʣ çʈʘʩʯʝʪ ʠ 

ʧʦʩʪʨʦʝʥʠʝè, ʚ ʢʦʪʦʨʦʤ ʟʘʜʘʝʪʩʷ ʦʧʮʠʷ çAPM FEM: ʧʨʦʯʥʦʩʪʥʦʡ ʘʥʘʣʠʟè. ɿʘʪʝʤ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʟʘʢʨʝʧʣʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʠ ʧʨʠʣʘʛʘʝʪʩʷ ʩʠʣʘ ʚʝʣʠʯʠʥʦʡ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  7 ð 

 

      

 

3000 ʅ. ɼʘʣʝʝ ʟʘʜʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʧʝʨʚʦʛʦ ʦʧʳʪʘ ʨʘʚʥʘʷ 5Áʉ, ʧʦʩʣʝ ʯʝʛʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ ʠ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ (ʨʠʩ.1).   

 
ʈʠʩʫʥʦʢ 1. ʌʨʘʛʤʝʥʪ ʧʨʦʯʥʦʩʪʥʦʛʦ ʨʘʩʯʝʪʘ ʙʘʣʢʠ ʚ ʩʠʩʪʝʤʝ ɸʇʄ ʂʦʤʧʘʩ-3DV16 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʦʪʯʝʪʘ ʩ ʪʘʙʣʠʮʘʤʠ ʠ 

ʛʠʩʪʦʛʨʘʤʤʘʤʠ. ʇʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 5 ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 5, 10, 20, 30 ʠ 40Áʉ. ʃʠʩʪʠʥʛ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʠʩʪʝʤʝ Excel ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ 

ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʣʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩ ʚʝʣʠʯʠʥʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ R2=0,8817.  

 

ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʦʪ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʤʦʜʫʣʝ ʧʨʦʯʥʦʩʪʥʦʛʦ ʨʘʩʯʝʪʘ 

ʩʠʩʪʝʤʳ ʂʦʤʧʘʩ-3DV16 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʪʘʣʠ ʚ 

ʧʨʦʤʝʞʫʪʢʝ ʦʪ 5 ʜʦ 20ÁC ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 3,3 ʝʜʠʥʠʮ, 

ʦʜʥʘʢʦ ʚʳʩʦʢʠʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʛʦʚʦʨʠʪ ʦʙ ʠʟʣʠʰʥʝʤ ʨʘʩʭʦʜʝ ʤʝʪʘʣʣʘ. ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ʜʦ 50ÁC ʧʦʢʘʟʳʚʘʝʪ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50ÁC ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 

y = -0,0245x + 3,3362 
wч Ґ лΣтлтт 

y = -0,001x2 + 0,028x + 2,8718 
wч Ґ лΣуумт 
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˾Ύ͒м 

˶͙͔͚ͤͤ͊Ύ ό˾Ύ͒мύ 

˽͙͙ͦͤͦͣ͊͡͡Έͤ͊Ύ ό˾Ύ͒мύ 



ð 8 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ n = 1,12, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʜʦʧʫʩʪʠʤʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. 

ʆʜʥʘʢʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ ï 40ÁC ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ 

ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʪʦʡ ʞʝ ʥʘʛʨʫʟʢʦʡ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʜʦʧʫʩʪʠʤʳʭ 

ʚʝʣʠʯʠʥ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʩʠʩʪʝʤʝ ʂʦʤʧʘʩ n=1,135, ʘ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʦ ʪʝʢʫʯʝʩʪʠ nʪ = 0,65. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʙʘʣʢʘ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʤʝʶʱʝʡʩʷ ʥʘʛʨʫʟʢʠ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

***  

1. ɸʙʜʫʣʤʘʞʠʜʦʚ,  ʍ.ɸ. ʆʙʦʩʥʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʢʦʚʰʦʚʳʭ 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 2D- ʠ 3D-

ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʝʪʘʣʝʡ 

ʦʙʱʝʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʜʝʪʘʣʠ çʢʦʣʝʩʦ ʟʫʙʯʘʪʦʝè, 

ʩʦʜʝʨʞʘʱʝʡ ʪʠʧʦʚʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ, ʚʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʯʝʨʪʝʞ. 

 

Abstract 

The advantages and disadvantages of using 2D-and 3D-libraries for computer-aided 

design of parts of a general machine-building application are considered on the example of a 

ñcogwheelò part containing typical structural and technological elements. 

Keywords: gear, shafts and mechanical gears, structural elements, three-dimensional 

model, drawing. 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʨʘʚʠʣ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʯʠʭ ʯʝʨʪʝʞʝʡ ʜʝʪʘʣʝʡ ʦʙʫʯʘʶʱʠʝʩʷ 

ʚʳʧʦʣʥʷʶʪ ʵʩʢʠʟʳ ʠ ʯʝʨʪʝʞʠ  ʥʘʪʫʨʥʳʭ ʜʝʪʘʣʝʡ ʦʙʱʝʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  9 ð 

 

      

 

ʧʨʠʤʝʥʝʥʠʷ -  ʢʦʣʝʩʘ ʟʫʙʯʘʪʦʛʦ, ʚʘʣʘ, ʤʫʬʪʳ (ʠʣʠ ʧʦʣʫʤʫʬʪʳ), ʢʦʨʧʫʩʥʦʡ ʜʝʪʘʣʠ. 

ʕʩʢʠʟʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʧʦʣʥʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʝʪʘʣʠ, ʟʘʤʝʨʘʭ 

ʠ ʧʨʦʩʪʘʥʦʚʢʝ ʨʘʟʤʝʨʦʚ, ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ, ʩʦʩʪʘʚʣʝʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʩʢʠʟʠʨʫʝʤʦʡ ʜʝʪʘʣʠ.  

ɺʩʣʝʜ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʵʩʢʠʟʘ ʦʙʫʯʘʶʱʠʤʩʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ 

ʪʨʸʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʜʝʪʘʣʠ, ʘ ʟʘʪʝʤ ʯʝʨʪʸʞ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʦʣʴʟʘ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ 

ʚʩʣʝʜ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʵʩʢʠʟʘ ʩʦʩʪʦʠʪ ʚ ʩʘʤʦʧʨʦʚʝʨʢʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʧʨʦʩʪʘʥʦʚʢʠ ʫʢʘʟʘʥʥʳʭ ʥʘ ʵʩʢʠʟʝ  ʨʘʟʤʝʨʦʚ,  ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʧʨʘʚʠʣʴʥʦʤ ʦʧʠʩʘʥʠʠ ʪʠʧʦʚʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ɽʩʣʠ ʥʘ ʵʩʢʠʟʝ ʥʝʜʦʩʪʘʸʪ ʢʘʢʠʭ-ʣʠʙʦ ʚʠʜʦʚ ʠʣʠ ʨʘʟʤʝʨʦʚ, ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ.  ʉʪʫʜʝʥʪ ʩʘʤ ʚʠʜʠʪ ʥʝʜʦʩʪʘʪʢʠ ʩʚʦʝʛʦ ʵʩʢʠʟʘ.  

ʊʘʢʦʛʦ ʨʦʜʘ ʩʘʤʦʧʨʦʚʝʨʢʘ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʠ ʨʫʯʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʯʝʨʪʝʞʘ ʧʦ 

ʚʳʧʦʣʥʝʥʥʦʤʫ ʵʩʢʠʟʫ.  

ʉʦʟʜʘʚʘʷ ʯʝʨʪʝʞʠ ʜʝʪʘʣʝʡ ʦʙʱʝʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʤʦʞʥʦ  

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʧʨʦʛʨʘʤʤʫ ʂʦʤʧʘʩ-3D ʙʠʙʣʠʦʪʝʢʘʤʠ. ɼʣʷ ʜʝʪʘʣʝʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʪʠʧʦʚʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʥʘʠʙʦʣʴʰʝʝ 

ʫʜʦʙʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʙʣʠʦʪʝʢ çɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 2Dè 

ʠʣʠ çɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 3Dè.  

3D-ʩʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʦʪʨʝʪʴ ʠʟʜʝʣʠʝ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʜʦ 

ʩʦʟʜʘʥʠʷ ʯʝʨʪʝʞʘ (ʠʣʠ, ʝʩʣʠ ʨʝʯʴ ʠʜʸʪ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʜʦ ʚʳʧʫʩʢʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ). 

ʆʩʥʦʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ  ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ, 

ʮʠʬʨʦʚʦʡ ʧʨʦʪʦʪʠʧ ʠʟʜʝʣʠʷ. ɺ ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʩʦʩʪʦʠʪ ʦʜʥʦ ʠʟ ʛʣʘʚʥʳʭ  ʧʨʝʠʤʫʱʝʩʪʚ 

ʪʨʸʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʦʣʴʟʫʷʩʴ ʩʚʦʡʩʪʚʦʤ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʠ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʥʘ ʧʣʦʩʢʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʝ ʚʠʜʳ, ʨʘʟʨʝʟʳ ʠ ʩʝʯʝʥʠʷ ʤʦʜʝʣʠ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʝʪʘʣʠ ʧʨʦʛʨʘʤʤʘ ʚʩʝ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʠʣʠ ʧʝʨʝʭʦʜʘ ʠʟʦʙʨʘʞʘʝʪ ʪʘʢ, 

ʢʘʢ ʦʥʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʤʦʜʝʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʨʘʟʨʝʟʝ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʢʘʢ ʨʸʙʨʘ 

ʞʝʩʪʢʦʩʪʠ, ʟʫʙʴʷ ʟʫʙʯʘʪʳʭ ʢʦʣʸʩ ʤʦʛʫʪ ʙʳʪʴ ʠʟʦʙʨʘʞʝʥʳ ʟʘʰʪʨʠʭʦʚʘʥʥʳʤʠ. 

ʇʨʠʭʦʜʠʪʩʷ ʨʘʟʨʫʰʘʪʴ ʯʝʨʪʸʞ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 2.305-2008 

çʀʟʦʙʨʘʞʝʥʠʷ ï ʚʠʜʳ, ʨʘʟʨʝʟʳ, ʩʝʯʝʥʠʷè  ʧʦʢʘʟʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ ʧʨʘʚʠʣʴʥʦ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʯʝʨʪʝʞʘ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʨʘʥʝʝ ʧʨʠʭʦʜʠʣʦʩʴ ʧʨʠʙʝʛʘʪʴ ʢ ʨʷʜʫ ʤʘʥʠʧʫʣʷʮʠʡ ʜʣʷ ʚʝʨʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ï ʨʘʟʨʫʰʝʥʠʶ ʚʠʜʦʚ, ʚʚʝʜʝʥʠʶ ʪʦʥʢʠʭ ʧʦʣʦʩʪʝʡ ʚʥʫʪʨʠ ʜʝʪʘʣʠ 

ʠ ʧʨ. ʏʝʨʪʝʞ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʳʧʦʣʥʝʥʥʳʤ, ʝʩʣʠ ʚʩʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʧʦʢʘʟʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɼʦʨʘʙʦʪʢʘ 

ʯʝʨʪʝʞʘ ʟʘʥʠʤʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʩʪʘʥʦʚʢʝ 

ʨʘʟʤʝʨʦʚ, ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʠ ʜʨʫʛʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʬʦʨʤʣʝʥʠʶ.  

ɹʠʙʣʠʦʪʝʢʘ çɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 2Dè ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʯʝʨʪʝʞʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ. ʇʨʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʯʝʨʪʝʞʘ ʫʯʪʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʦ ʧʨʘʚʠʣʴʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʰʪʨʠʭʦʚʢʠ ʟʫʙʴʝʚ ʟʫʙʯʘʪʳʭ ʢʦʣʸʩ. ɺ ʙʠʙʣʠʦʪʝʢʘʭ ʫʯʪʝʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʯʝʨʪʝʞʝ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʥʪʫʨʦʚ. 

ɺʳʧʦʣʥʝʥʠʝ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʠʣʠ ʰʝʩʪʝʨʥʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʨʘʩʯʝʪʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʘʜʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʯʠʩʣʘ 

ʟʫʙʴʝʚ, ʤʦʜʫʣʷ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ, ʰʠʨʠʥʳ ʚʝʥʮʘ, ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʜʨʫʛʠʭ. 

ʊʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʥʪʫʨʘ, ʜʠʘʤʝʪʨ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʨʦʣʠʢʘ ʠ ʨʷʜ ʜʨʫʛʠʭ, ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʧʦ ʨʝʢʦʤʝʥʜʫʝʤʳʤ 

ʟʥʘʯʝʥʠʷʤ, ʪʘʢ ʢʘʢ ʥʘʯʠʥʘʶʱʠʝ ʠʟʫʯʝʥʠʝ ʜʝʪʘʣʝʡ ʦʙʱʝʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʦʙʫʯʘʶʱʠʝʩʷ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʟʥʘʥʠʡ ʜʣʷ ʠʭ ʧʨʘʚʠʣʴʥʦʛʦ 



ð 10 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʦʧʨʝʜʝʣʝʥʠʷ. ʈʘʩʯʝʪ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʟʘʜʘʸʪ ʧʘʨʘʤʝʪʨʳ ʬʘʩʦʢ ʥʘ ʟʫʙʴʷʭ,  ʚʘʨʠʘʥʪʳ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʜʝʣʠ ʢʦʣʝʩʘ.  

ɼʨʫʛʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠʨʫʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ï ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʵʣʝʤʝʥʪʘ ʩʪʘʥʜʘʨʪʘʤ ʦʥ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʠʤʝʶʱʠʭʩʷ ʙʠʙʣʠʦʪʝʢ. ɻʦʨʘʟʜʦ 

ʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʝʨʪʝʞʘ ʠʣʠ ʤʦʜʝʣʠ ʜʝʪʘʣʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʰʣʠʮʳ ʥʘ ʩʪʫʧʠʮʝ ʢʦʣʝʩʘ 

(ʠʣʠ ʟʫʙʴʷ ʥʘ ʚʘʣʫ). 

ʇʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʨʘʪʴ ʵʣʝʤʝʥʪ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʙʠʙʣʠʦʪʝʢ, ʦʥ ʩʦʟʜʘʸʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʦʧʝʨʘʮʠʡ. ʂʦʛʜʘ ʤʦʜʝʣʴ ʩʬʦʨʤʠʨʦʚʘʥʘ, ʩʦʟʜʘʸʪʩʷ 

ʘʩʩʦʮʠʘʪʠʚʥʳʡ ʯʝʨʪʝʞ. ʉʝʨʴʝʟʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʚʦʡʩʪʚʝʥʥʦʡ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʠ. ʉʪʦʠʪ ʠʟʤʝʥʠʪʴ ʨʘʟʤʝʨ ʦʜʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʜʝʪʘʣʠ (ʦʜʥʦʡ ʜʝʪʘʣʠ ʚ ʩʙʦʨʢʝ), ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʤʝʥʳ ʦʪʨʘʟʷʪʩʷ 

ʥʘ ʯʝʨʪʝʞʝ ʜʝʪʘʣʠ. 

ɺʩʪʨʦʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʫ ʂʦʤʧʘʩ-3D ʙʠʙʣʠʦʪʝʢʘ çɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʝʨʝʜʘʯʠ 2Dè ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʢʦʨʨʝʢʪʥʦ ʧʦʩʪʨʦʠʪʴ ʪʠʧʦʚʳʝ ʜʝʪʘʣʠ 

ʦʙʱʝʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʠ ʪʠʧʦʚʳʝ ʵʣʝʤʝʥʪʳ ʜʝʪʘʣʝʡ. ɺʩʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ï ʟʫʙʴʷ, ʰʣʠʮʳ, ʢʘʥʘʚʢʠ ʠ ʧʨ. ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʚʩʝʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʚʠʜʘʭ, ʨʘʟʨʝʟʘʭ ʠ ʩʝʯʝʥʠʷʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʯʝʨʪʝʞʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʛʦʪʦʚʘʷ ʤʦʜʝʣʴ. ʅʦ  

ʝʩʣʠ ʜʝʪʘʣʴ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʢʘʢʠʭ-ʣʠʙʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʪʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʪʦʯʥʦʩʪʠ ʦʪʨʘʞʝʥʠʷ ʬʦʨʤʳ, ʯʝʤ ʙʠʙʣʠʦʪʝʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʘʢ ʫʜʘʣʦʩʴ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘ ʨʷʜʝ ʧʨʠʤʝʨʦʚ, ʚʳʧʦʣʥʝʥʠʝ ʯʝʨʪʝʞʝʡ ʩ ʧʦʤʦʱʴʶ 

2D-ʙʠʙʣʠʦʪʝʢ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʜʝʪʘʣʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɽʩʣʠ ʞʝ ʜʝʪʘʣʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʠʪʴ 3D-

ʤʦʜʝʣʴ, ʘ ʟʘʪʝʤ ʫʞʝ ʧʦ ʥʝʡ ʚʳʧʦʣʥʷʪʴ ʯʝʨʪʝʞ.  
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙ ʠʟʛʠʙʝ 

ʦʨʪʦʪʨʦʧʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʧʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʡ ʩʚʦʙʦʜʥʦʡ ʢʨʦʤʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʠʟʦʪʨʦʧʠʷ, ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʣʘʩʪʠʥʳ, ʟʘʜʘʯʘ ʠʟʛʠʙʘ, 

ʩʚʦʙʦʜʥʘʷ ʢʨʦʤʢʘ 

  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  11 ð 

 

      

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʪʘʪʠʯʝʩʢʠʡ ʧʨʦʛʠʙ ʦʨʪʦʪʨʦʧʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ 

ʨʘʟʤʝʨʦʤ ba³  ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʧʝʨʝʯʥʦʡ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ F , ʧʨʠʣʦʞʝʥʥʦʡ ʚ 
ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( )yx ~,~ , ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ:  
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3hE
D x

x

¡
= , 
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3hE
D

y
y

¡
= , 

12

3hE
DI

¡¡
= , 

12

3Gh
Dxy= , xyI DDH 2+= . 

ɿʜʝʩʴ xD , yD , ID , xyD  ï ʞʝʩʪʢʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʠ ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ 

ʧʣʘʩʪʠʥʢʠ, 
xE¡, yE¡, E¡¡, G ï ʧʦʩʪʦʷʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ, h ï ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ, ( )ÖÖd ,  ï ʬʫʥʢʮʠʷ ɼʠʨʘʢʘ [1].   

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʨʘʡ ʧʣʘʩʪʠʥʳ x=0 ʩʚʦʙʦʜʝʥ, ʘ ʢʨʘʷ x=a, y=0 ʠ y=b ï ʞʝʩʪʢʦ 

ʟʘʜʝʣʘʥʳ. ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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y
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2

3
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å
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DD
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D ,                 (2) 

0=
=ax

w , 0=
µ

µ

=axx

w
,                                                    (3) 

0,0 === byyw ,  0
,0

=
µ

µ

== byy
y

w
.                                                  (4) 

ʉʦʛʣʘʩʥʦ [1], ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʨʠʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ ʦ 

ʤʠʥʠʤʫʤʝ ʠʥʪʝʛʨʘʣʘ 
2 2 2

2 2 2 2 2

2 2 2 2

0 0 0 0

2 4

a b a b

x I y xy

w w w w w
D D D D dxdy pwdxdy

x x y y x y

ë ûå õ å õ å õµ µ µ µ µî î
+ Ö + + -ì üæ ö æ ö æ ö

µ µ µ µ µ µç ÷ ç ÷ ç ÷î îí ý
ññ ññ,      (5) 

ʛʜe ( ) ( ), ,p x y F x x y yd= - -. 

ʇʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ  

ää
= =

=
N

m

N

n
mnmnwcw

1 1

,                                                       (6) 

ʛʜʝ ( ) ()()yVxUyxw nmmn =, .  

ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʡ Um(x), Vn(y) ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ 

ʩʘʤʦʩʦʧʨʷʞʝʥʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʩ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʠʧʘ ʐʪʫʨʤʘ [2], ʩʦʜʝʨʞʘʱʠʝ  

ʩʚʦʙʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ a  ʠ b : 
() 02 24 =-¡¡+ UUHUDx ga ,                                                 (7) 

() ,0)0(0 =+¡¡ UDUD Ix a ()( ) ,0)0(40 =¡++¡¡¡ UDDUD Ixyx a                        (8) 

,0)( =aU ,0)( =¡aU                                                         (9) 

() 02 24 =-¡¡+ VVHVDy nb ,                                              (10) 

() () () () .0,0,00,00 =¡==¡= bVbVVV                                     (11) 
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ɿʜʝʩʴ g  ʠ n ï ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ (7) ï (9) ʠ (10), (11) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʬʫʥʢʮʠʠ Um(x) ʠ Vn(y) 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ ʥʦʨʤʠʨʦʚʢʠ:  

() 1
0

2 =ñ
a

m dxxU , () 1
0

2 =ñ
b

n dyyV ( ,,,2,1 Nm 2= Nn ,,2,1 2= ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ (6) ʙʫʜʝʤ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʠʜʝʶ ʤʝʪʦʜʘ ʈʠʪʮʘ. ʇʦʜʩʪʘʚʠʤ ʨʘʟʣʦʞʝʥʠʝ (6) ʚ ʬʫʥʢʮʠʦʥʘʣ (5) ʠ ʧʨʠʨʘʚʥʷʝʤ ʢ 

ʥʫʣʶ ʧʨʦʠʟʚʦʜʥʳʝ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʦ cij. ʇʦʣʫʯʘʝʤ  ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

() ()

2 2 2 2 22 2 2 2 2

2 2 2 2 2 2 2 2
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,

a b
ij ij ij ij ij

x I y xy

i j

w w w w ww w w w w
D D D D dxdy

x x x y y x y y x y x y

FU x V y

ë ûå õµ µ µ µ µµ µ µ µ µî î
+ + + + =æ öì üæ öµ µ µ µ µ µ µ µ µ µ µ µî îç ÷í ý

=

ññ  

ʛʜʝ ,,,2,1 Ni 2= Nj ,,2,1 2= . 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʦ ʠʟʚʝʩʪʥʦʝ 

ʩʚʦʡʩʪʚʦ ʬʫʥʢʮʠʠ ɼʠʨʘʢʘ:  ()( ) ()ñ =-d
¤

0

~~ zpdzzzzp .                             

ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʷ ʜʚʫʢʨʘʪʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʯʘʩʪʷʤ, ʵʪʫ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʚʠʜʫ:        

( ) () ()
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4 .
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x y ij x I
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ww ww w w
D H D w dxdy D D dy

x x y y x y x

w w
D D D w dy FU x V y

x x y
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µè øå õå õ µ µµ µ µ
+ + - + +é ùæ öæ ö

µ µ µ µ µ µ µç ÷ ç ÷ê ú

è øå õµ µ
+ + + =é ùæ ö

µ µ µç ÷ê ú

ññ ñ

ñ

             (12) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʫʨʘʚʥʝʥʠʷʭ ʩʠʩʪʝʤʳ (12) ʨʷʜʘ ʢʦʥʪʫʨʥʳʭ ʠʥʪʝʛʨʘʣʦʚ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ ijw  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʷʤ 

(3) ʠ (4).    

ʆʙʦʟʥʘʯʠʤ ʤʘʪʨʠʮʫ  ʩʠʩʪʝʤʳ  ï A. ʇʦʢʘʞʝʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʘʨʘʤʝʪʨʦʚ a ʠ b ʚ 

ʦʙʨʘʟʫʶʱʠʭ ʫʨʘʚʥʝʥʠʷʭ ʜʣʷ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʜʠʘʛʦʥʘʣʠʟʘʮʠʠ ʤʘʪʨʠʮʳ A. ʈʘʩʩʤʦʪʨʠʤ ʥʝʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ɸ. ɼʣʷ 

ʩʣʫʯʘʷ, ʢʦʛʜʘ  

1==jn ,  im¸ ,                                                      (13) 

ʠʤʝʝʤ 
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mIxymxi
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mImxi
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im

a

imxlk

dyyVyVUDDUDU

dyyVyVUDUDU

dyyVyVdxxUxUHdxxUxUDA

                            (14) 

ʛʜʝ ( ) jiNl +-= 1 , ( )nmNk +-= 1 . 

ɼʘʣʝʝ, ʠʩʧʦʣʴʟʫʷ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ (8), ʧʦʣʫʯʘʝʤ 

() 0)0(0 =+¡¡
mImx UDUD a ,   ()( ) 0)0(40 =¡++¡¡¡

mIxymx UDDUD a .           (15) 

ʇʨʠ ʵʪʦʤ ʠʟ (7) ʩʣʝʜʫʝʪ, ʯʪʦ 
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()() () () () () () ,2
0

2

00

4 dxxUxUdxxUxUHdxxUxUD
a

immi

a

im

a

imx ñññ =¡¡+ ga  

ʧʦʵʪʦʤʫ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ 

()() () () () .02
00

4 =¡¡+ ññ dxxUxUHdxxUxUD
a

im

a

imx a                                 (16) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (14), (15) ʠ (16) ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

()()ñ¡¡=
b

dyyVyV
0

11a ,                                                        (17) 

ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ɸ, ʦʧʨʝʜʝʣʷʝʤʳʝ (14), ʙʫʜʫʪ ʨʘʚʥʳ ʥʫʣʶ. 

ɸʥʘʣʦʛʠʯʥʦ, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ  

() () () () ,/)2(
0

11

0

11 HdxxUxUDdxxUxUD
a

xy

a

I ññ ¡¡-¡¡=b                           (18) 

ʙʫʜʫʪ ʨʘʚʥʳ ʥʫʣʶ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ɸ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

1==im , jn¸ .                                                  (19) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ (17) ʠ 

(18) ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʥʝʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ɸ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʧʝʨʚʳʭ N ʩʪʨʦʢ ʠ N ʩʪʦʣʙʮʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ ʟʜʝʩʴ ʧʦʜ 
2N  

ʧʦʥʠʤʘʝʪʩʷ ʯʠʩʣʦ ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʩʪʝʤʝ (12), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʤʝʪʦʜʦʤ ʈʠʪʮʘ. 

ɼʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ɸ ʠʤʝʶʪ ʚʠʜ 

()() () () () () () ()() ()
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a a b b
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A D U x U x dx H U x U x dx V y V y dy D V y V y dy

U D U D U V y V y dy
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å õ
¡ ¡¡ ¡¡- + +æ ö
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¡¡¡ ¡ ¡¡+ + +æ ö

ç ÷

ñ ñ ñ ñ

ñ

ñ

      (20) 

ʆʪʤʝʪʠʤ, ʯʪʦ, ʬʦʨʤʫʣʫ (20) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ 

() () () () () () () ()

() () () ()

0 0 0 0

0 0

2

4 .

a b a b

mn x m m y n n I m m n n

a b

xy m m n n

A D U x U x dx D V y V y dy D U x U x dx V y V y dy

D U x U x dx V y V y dy

¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡= + + +

¡ ¡ ¡ ¡+

ñ ñ ñ ñ

ñ ñ

      (21) 

ʇʨʝʥʝʙʨʝʛʘʷ ʚʥʝʜʠʘʛʦʥʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮʳ A, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ 
ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ: 

() ()
.

i j

ij

ij

FU x V y
c

A
=                                                      (22) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ 

ʧʨʦʛʠʙʘ ʧʣʘʩʪʠʥʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ F  

( )
() ()

() ()
1 1

, .
m n

m n

m n mn

U x V y
w x y F U x V y

A

¤ ¤

= =

= ää                                 (23) 
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ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʳ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʣʘʩʪʠʥʢʘ ʩ 

ʨʘʟʤʝʨʘʤʠ ʤ1=a  ʠ ʤ2=b  ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʬʘʥʝʨʳ ʩ ʫʧʨʫʛʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ 

23 ʩʤʢʛ10140Ö=¡xE , 
23 ʩʤʢʛ107.11 Ö=¡yE , 

23 ʩʤʢʛ104.5 Ö=¡¡E , 

23 ʩʤʢʛ1012Ö=G [1]. ʇʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʨʝʰʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʟʘʜʘʯʠ ï ʧʦ ʤʝʪʦʜʫ ʈʠʪʮʘ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ (23). ɼʣʷ ʩʣʫʯʘʷ ʨʘʚʥʦʤʝʨʥʦʡ 

ʥʘʛʨʫʟʢʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʛʠʙʘ ʚ 500 ʪʦʯʢʘʭ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʧʣʘʩʪʠʥʝ ʥʝ ʧʨʝʚʳʰʘʶʪ 2.13%, ʜʣʷ ʩʣʫʯʘʷ ʘʩʩʠʤʝʪʨʠʯʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 2~ ax = , 4~ by=  ï 4.47%.   
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ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʛʘʟʦʚʳʭ ʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʦʩʣʦʞʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʙʦʨʘ ʠ 
ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʆʩʦʙʫʶ ʦʩʪʨʦʪʫ ʧʨʦʙʣʝʤʘ ʣʴʜʦ- ʠ 
ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ çʧʨʠʦʙʨʝʪʘʝʪè ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ɿʘʧʘʜʥʦʡ 
ʉʠʙʠʨʠ, ʛʜʝ ʨʘʟʨʘʙʦʪʢʘ ʚʝʜʝʪʩʷ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʧʨʠ ʥʠʟʢʠʭ ʧʣʘʩʪʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʩʫʨʦʚʳʭ 
ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʃʶʙʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 
ʜʚʫʭʬʘʟʥʫʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ ʩʠʩʪʝʤʫ çʛʘʟ ï ʚʦʜʘè, ʚ ʢʦʪʦʨʦʡ ʛʘʟ, ʥʘʭʦʜʷʩʴ ʚ 
ʧʦʩʪʦʷʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʛʘʟʦʥʦʩʥʦʡ ʟʘʣʝʞʠ ʩʚʷʟʘʥʥʦʡ, ʧʦʜʦʰʚʝʥʥʦʡ 
ʠʣʠ ʢʨʘʝʚʦʡ ʚʦʜʦʡ, ʚ ʫʩʣʦʚʠʷʭ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʘʝʪʩʷ ʧʘʨʘʤʠ 
ʚʣʘʛʠ. ʉʦʜʝʨʞʘʱʘʷʩʷ ʚ ʜʦʙʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʚʦʜʘ (ʚ ʣʶʙʦʤ ʝʝ ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ) 
ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʧʦʩʦʙʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 
ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʉʅ4, ʉ2ʅ6, ʉ3ʅ8, ʠʟʦʙʫʪʘʥ, ʉʆ2, N2, ʅ2S ʠ ʪ.ʧ.) ʥʝʫʩʪʦʡʯʠʚʳʝ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʝ ʪʚʝʨʜʳʝ ʩʦʝʜʠʥʝʥʠʷ ï ʛʠʜʨʘʪʳ, ʦʪʣʦʞʝʥʠʷ ʢʦʪʦʨʳʭ, ʟʘʧʦʣʥʷʷ ʨʘʙʦʯʠʝ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠ ʚʥʫʪʨʝʥʥʠʭ ʫʩʪʨʦʡʩʪʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, 
ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʝʨʴʝʟʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʧʨʦʮʝʩʩʦʚ 
ʚʥʫʪʨʠʧʨʦʤʳʩʣʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʷʚʣʷʶʪʩʷ 
ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʛʘʟʦʞʠʜʢʦʩʪʥʦʤ ʧʦʪʦʢʝ ʚʣʘʛʘ, ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʠ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, 
ʧʨʠʯʝʤ ʬʘʢʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʘʪʦʚ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ, ʯʝʤ 
ʬʘʢʪʦʨ ʜʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 
ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʥʫʞʥʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʫ. 

ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʤʝʪʦʜʦʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ 
ʚ ʛʘʟʦʧʨʦʤʳʩʣʦʚʳʭ ʩʠʩʪʝʤʘʭ. ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʟ ʥʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʩʠʩʪʝʤʳ çʛʘʟ ï ʚʦʜʘè, ʜʣʷ ʯʝʛʦ ʚ 
ʛʘʟʦ-ʞʠʜʢʦʩʪʥʳʡ ʧʦʪʦʢ ʚʚʦʜʠʪʩʷ ʤʝʪʠʣʦʚʳʡ ʩʧʠʨʪ (ʤʝʪʘʥʦʣ). 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  15 ð 

 

      

 

ɼʨʫʛʠʤ ʥʘʜʝʞʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 
ʤʝʪʦʜ ʧʦʜʦʛʨʝʚʘ ʛʘʟʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʛʘʟʦʧʨʦʚʦʜʘʭ 
ʥʝʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʫʞʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʛʠʜʨʘʪʥʳʭ ʠ ʣʝʜʷʥʳʭ 
ʧʨʦʙʦʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʨʝʜʫʮʠʨʦʚʘʥʠʷ 
ʛʘʟʘ.  ʉʫʱʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʧʦʜʜʝʨʞʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʚʣʘʛʫ, ʚʳʰʝ 
ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʄʝʪʦʜ ʙʦʨʴʙʳ ʩ ʛʠʜʨʘʪʦ- ʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝʤ ʧʫʪʝʤ ʧʦʜʦʛʨʝʚʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ 
ʩʤʝʩʠ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ ʙʳʣ ʫʩʧʝʰʥʦ ʦʧʨʦʙʦʚʘʥ ʠ ʧʦʣʫʯʠʣ 
ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʦʙʲʝʢʪʘʭ ʜʦʙʳʯʠ ʛʘʟʘ  

ʆʆʆ çɻʘʟʧʨʦʤ ʜʦʙʳʯʘ ʗʤʙʫʨʛè. 
ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʤʝʪʦʜʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʧʫʪʝʤ ʧʦʜʦʛʨʝʚʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʦʣʣʝʢʪʦʨʘʭ ʠ 
ʧʨʦʤʳʩʣʦʚʳʭ ʘʧʧʘʨʘʪʘʭ ʠ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʘʟʦʩʙʦʨʥʦʡ ʩʝʪʠ ʗʤʙʫʨʛʩʢʦʛʦ 
ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɼʦʙʳʯʘ ʛʘʟʘ ʩʝʥʦʤʘʥʩʢʦʡ ʟʘʣʝʞʠ  

ʗʤʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚ ʢʫʩʪʳ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʢʚʘʞʠʥʳ. ɼʣʷ ʩʙʦʨʘ ʛʘʟʘ ʦʪ ʩʢʚʘʞʠʥ ʧʨʠʥʷʪʘ ʢʦʣʣʝʢʪʦʨʥʦ-ʢʫʩʪʦʚʘʷ 
ʩʭʝʤʘ. ɺʩʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʢʚʘʞʠʥʳ ʢʫʩʪʘ ʨʘʙʦʪʘʶʪ ʚ ʝʜʠʥʳʡ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʡ 
ʛʘʟʦʧʨʦʚʦʜ-ʰʣʝʡʬ ʜʠʘʤʝʪʨʦʤ 530 ʤʤ. ʇʨʦʢʣʘʜʢʘ ʰʣʝʡʬʦʚ ʦʪ ʢʫʩʪʦʚ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ 
ʜʦ ʫʩʪʘʥʦʚʦʢ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ (ʋʂʇɻ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʜʟʝʤʥʦ, ʥʘ 
ʥʠʟʢʠʭ ʦʧʦʨʘʭ. ʇʘʨʘʣʣʝʣʴʥʦ ʛʘʟʦʧʨʦʚʦʜʫ-ʰʣʝʡʬʫ ʧʨʦʣʦʞʝʥ ʤʝʪʘʥʦʣʦʧʨʦʚʦʜ 
ʜʠʘʤʝʪʨʦʤ 57 ʤʤ. ʀʤʝʶʪʩʷ ʢʘʢ ʢʦʨʦʪʢʠʝ (ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 1é2 ʢʤ), ʪʘʢ ʠ ʦʯʝʥʴ 
ʜʣʠʥʥʳʝ (ʜʦ 12 ʢʤ) ʛʘʟʦʧʨʦʚʦʜʳ-ʰʣʝʡʬʳ.   

ɻʘʟʦʞʠʜʢʦʩʪʥʘʷ ʩʤʝʩʴ ʦʪ ʢʫʩʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ ʦʜʥʦʛʦ ʛʘʟʦʚʦʛʦ 
ʧʨʦʤʳʩʣʘ ʧʦ ʛʘʟʦʧʨʦʚʦʜʘʤ-ʰʣʝʡʬʘʤ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʥʘ ʋʂʇɻ, ʚ ʧʫʥʢʪ 
ʧʝʨʝʢʣʶʯʘʶʱʝʡ ʘʨʤʘʪʫʨʳ (ʇʇɸ). ʇʦʪʦʢʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʤʝʰʠʚʘʷʩʴ ʥʘ 
ʇʇɸ, ʦʙʱʠʤ ʧʦʪʦʢʦʤ ʧʦ ʧʨʦʤʳʩʣʦʚʳʤ ʢʦʣʣʝʢʪʦʨʘʤ ʧʦʜʘʝʪʩʷ ʢ ʚʭʦʜʥʳʤ ʩʝʧʘʨʘʪʦʨʘʤ 
ʫʩʪʘʥʦʚʢʠ ʦʯʠʩʪʢʠ ʛʘʟʘ (ʋʆɻ) ʠ ʜʘʣʝʝ ʚ ʩʠʩʪʝʤʳ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ (ʜʣʷ 
ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ, ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʦʩʫʰʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ). 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ ʢ ʜʘʣʴʥʝʤʫ 
ʪʨʘʥʩʧʦʨʪʫ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʤʳʩʣʦʚʦʡ 
ʧʦʜʛʦʪʦʚʢʠ ʥʘ ʦʜʥʦʡ ʋʂʇɻ ʧʦʪʦʢʦʚ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʚʫʭ ʩʝʥʦʤʘʥʩʢʠʭ ʟʘʣʝʞʝʡ 
ʗʤʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʠʤʝʶʱʠʭ ʨʘʟʥʳʝ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ: 

1, 2 ï ʚʭʦʜʥʦʡ ʩʝʧʘʨʘʪʦʨ ʉ-1; 3 ï ɻʇɸ I-ʡ ʩʪʫʧʝʥʠ ɼʂʉ; 4 ï ɸɺʆ ʛʘʟʘ I-ʡ ʩʪʫʧʝʥʠ ɼʂʉ; 5 ï ɻʇɸ II-ʡ 

ʩʪʫʧʝʥʠ ɼʂʉ; 6 ï ɸɺʆ ʛʘʟʘ II-ʡ ʩʪʫʧʝʥʠ ɼʂʉ; 7 ï ʘʙʩʦʨʙʝʨ; 8 ï ɸɺʆ ʛʘʟʘ ʋʂʇɻ; ʂ ï ʚʭʦʜʥʦʡ ʢʦʣʣʝʢʪʦʨ 

ʚʭʦʜʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ (1); ʇʇɸ ï ʧʫʥʢʪ ʧʝʨʝʢʣʶʯʘʶʱʝʡ ʘʨʤʘʪʫʨʳ; ʋʈ ï ʫʟʝʣ ʨʝʜʫʮʠʨʦʚʘʥʠʷ; ʆɾ ï 

ʞʠʜʢʦʩʪʴ ʦʨʦʰʝʥʠʷ; IéVIII ï ʧʦʪʦʢʠ ʛʘʟʘ. 



ð 16 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʇʝʨʚʳʡ ʛʘʟʦʞʠʜʢʦʩʪʥʳʡ ʧʦʪʦʢ çʥʠʟʢʦʛʦè ʜʘʚʣʝʥʠʷ ʦʪ ʢʫʩʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʢʚʘʞʠʥ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʥʘ ʇʇɸ ʧʦ ʢʦʣʣʝʢʪʦʨʫ (ʧʦʪʦʢ I) ʧʦʜʘʝʪʩʷ ʥʘ ʋʆɻ, ʢ 
ʚʭʦʜʥʳʤ ʩʝʧʘʨʘʪʦʨʘʤ (2) ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ ʢʘʧʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʠʤʝʩʠ, 
ʠ çʧʨʦʤʳʚʢʠè ʛʘʟʘ ʦʪ ʩʦʣʝʡ ʞʠʜʢʦʩʪʴʶ ʦʨʦʰʝʥʠʷ (ʆɾ). ʆʩʫʰʢʘ ʦʪʩʝʧʘʨʠʨʦʚʘʥʥʦʛʦ 
çʩʳʨʦʛʦè ʛʘʟʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʘʙʩʦʨʙʝʨʘʭ (7) ʧʦʩʣʝ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ 
ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʧʨʦʤʳʩʣʦʚʦʡ ʜʦʞʠʤʥʦʡ 
ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ (ɼʂʉ). 

ɺʪʦʨʦʡ ʧʦʪʦʢ ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʳʡ ʦʪ ʢʘʧʝʣʴʥʦʡ ʚʣʘʛʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʧʨʠʤʝʩʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ (ʋʇʇɻ), ʥʘʩʳʱʝʥʥʳʡ ʚʣʘʛʦʡ 
ʧʦʪʦʢ çʩʳʨʦʛʦè ʛʘʟʘ çʚʳʩʦʢʦʛʦè ʜʘʚʣʝʥʠʷ ʧʦ ʤʝʞʧʨʦʤʳʩʣʦʚʦʤʫ ʢʦʣʣʝʢʪʦʨʫ ʙʦʣʴʰʦʡ 
ʧʨʦʪʷʞʝʥʥʦʩʪʠ (ʧʨʠʤʝʨʥʦ 10 ʢʤ) ʠ ʧʨʦʤʳʩʣʦʚʦʤʫ ʢʦʣʣʝʢʪʦʨʫ (ʧʦʪʦʢ II) ʯʝʨʝʟ ʚʭʦʜʥʦʡ 
ʢʦʣʣʝʢʪʦʨ (ʂ) ʧʦʜʘʝʪʩʷ ʥʘ ʋʆɻ, ʢ ʚʭʦʜʥʳʤ ʩʝʧʘʨʘʪʦʨʘʤ (1), ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ 
ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʤʝʩʠ ʢʘʧʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ çʧʨʦʤʳʚʢʠè ʛʘʟʘ ʦʪ ʩʦʣʝʡ. ʆʩʫʰʢʘ 
ʦʪʩʝʧʘʨʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʘʙʩʦʨʙʝʨʘʭ (7) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʥʝʨʛʠʠ 
ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (ʧʦʪʦʢ III), ʣʠʙʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ, ʧʦʩʣʝ 
ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ (ʚʦ II-ʡ ʩʪʫʧʝʥʠ) ʠʣʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ ʠ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʧʨʦʤʳʩʣʦʚʦʡ ɼʂʉ (ʧʦʪʦʢ VII). 

ɹʦʣʴʰʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʤʝʞʧʨʦʤʳʩʣʦʚʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʥʝʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʛʘʟʘ 
ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʘʣʳʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʚ 
ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʦʭʣʘʞʜʝʥʠʶ (ʤʠʥʫʩ 10ʉ̄) ʥʘʩʳʱʝʥʥʦʛʦ ʚʣʘʛʦʡ çʩʳʨʦʛʦè ʛʘʟʘ. ɺʚʝʜʝʥʠʝ ʚ ʧʦʪʦʢ 
ʞʠʜʢʦʩʪʠ ʦʨʦʰʝʥʠʷ (ʆɾ) ʜʣʷ çʧʨʦʤʳʚʢʠè ʛʘʟʘ ʦʪ ʩʦʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 
ʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʩʝʧʘʨʘʪʦʨʦʚ (1), ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 
ʵʣʝʤʝʥʪʘʭ ʩʝʧʘʨʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʪʣʦʞʝʥʠʡ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ.  

ɺʚʦʜ ʚ ʧʦʪʦʢ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʡ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʤʝʪʘʥʦʣʘ ʠ ʧʦʜʘʯʘ ʚ 
ʩʝʧʘʨʘʪʦʨʳ (1) ʚ ʢʘʯʝʩʪʚʝ ʞʠʜʢʦʩʪʠ ʦʨʦʰʝʥʠʷ ʚʦʜʦʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʷʚʣʷʶʪʩʷ 
ʤʘʣʦʵʬʬʝʢʪʠʚʥʦʡ ʤʝʨʦʡ ʚ ʙʦʨʴʙʝ ʩ ʛʠʜʨʘʪʦ- ʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʝʤ. ɼʘʞʝ ʧʨʠ 
ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʙʳʪʦʯʥʦʤ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʩʯʝʪʥʳʤ ʟʥʘʯʝʥʠʝʤ) 
ʨʘʩʭʦʜʝ ʤʝʪʘʥʦʣʘ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʚ ʩʝʧʘʨʘʪʦʨʘʭ 
ʦʙʨʘʟʫʝʪʩʷ ʚʦʜʦʛʠʜʨʘʪʥʘʷ ʤʘʩʩʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʣʦʞʝʥʠʝʤ ʥʘ ʩʝʧʘʨʘʮʠʦʥʥʳʭ 
ʵʣʝʤʝʥʪʘʭ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ, ʩʥʠʞʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʥʦʩʦʤ ʠʟ 
ʩʝʧʘʨʘʪʦʨʦʚ ʩ ʦʪʩʝʧʘʨʠʨʦʚʘʥʥʳʤ ʛʘʟʦʤ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʞʠʜʢʦʩʪʠ. 

ʇʨʝʦʜʦʣʝʪʴ ʧʨʦʙʣʝʤʫ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʩʝʧʘʨʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 
ʚʭʦʜʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ (1) ʧʦʟʚʦʣʠʣʦ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ 
ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʘʧʧʘʨʘʪʦʚ ʥʘ ʫʨʦʚʥʝ, ʚʳʰʝ ʨʘʚʥʦʚʝʩʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʫʪʝʤ ʧʦʜʦʛʨʝʚʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚʦ ʚʭʦʜʥʦʤ 
ʢʦʣʣʝʢʪʦʨʝ (ʂ). ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 
ʚʚʦʜʘ ʚ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʡ ʧʦ ʢʦʣʣʝʢʪʦʨʫ (ʂ) ʛʘʟʦʞʠʜʢʦʩʪʥʳʡ ʧʦʪʦʢ ʥʘʛʨʝʪʦʛʦ ʚ 
ʧʨʦʮʝʩʩʝ ʩʞʘʪʠʷ ʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʛʥʝʪʘʪʝʣʷʭ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ (ɻʇɸ) 

ʛʘʟʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 90é95ʉ̄. ʆʪʙʠʨʘʝʤʳʡ ʠʟ ʢʦʣʣʝʢʪʦʨʘ ʥʘʛʥʝʪʘʥʠʷ (ʧʦʪʦʢ IV) II-ʡ 
ʩʪʫʧʝʥʠ ɼʂʉ çʛʦʨʷʯʠʡè ʛʘʟ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ (ʧʦʪʦʢ VIII) ʧʦʜʘʝʪʩʷ ʚ ʟʦʥʫ ʩʤʝʰʝʥʠʷ 
ʚʭʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ (ʂ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʚʭʦʜʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ (1) 
ʛʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʩʤʝʰʝʥʠʝ ʧʦʪʦʢʦʚ ʩʨʝʜ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʧʦʣʝʤ 
ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʘʧʧʘʨʘʪʳ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ 
ʧʦʪʦʢʘ. ɺʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʘ ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 
ʦʧʨʝʜʝʣʝʥʘ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 
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QQ

ʊQʊQ
T

+

Ö+Ö
=S                                 (1) 

ʛʜʝ Q1 ʠ T1  ï ʩʨʝʜʥʝʯʘʩʦʚʦʡ ʨʘʩʭʦʜ (ʥʤ
3
/ʯ) ʠ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʂ) ʧʦʪʦʢʘ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚʦ ʚʭʦʜʥʦʤ ʢʦʣʣʝʢʪʦʨʝ (ʂ); 

 Q2 ʠ T2 ï ʩʨʝʜʥʝʯʘʩʦʚʦʡ ʨʘʩʭʦʜ (ʥʤ
3
/ʯ) ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʠ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ 

ʚ ʢʦʣʣʝʢʪʦʨʝ ʥʘʛʥʝʪʘʥʠʷ II -ʡ ʩʪʫʧʝʥʠ ɼʂʉ.  
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʜʦʛʨʝʚʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʳʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  17 ð 

 

      

 

çʛʦʨʷʯʝʛʦè ʛʘʟʘ ʠ ʫʯʘʩʪʢʘ ʚʭʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ (ʂ), ʚ ʟʦʥʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 
ʩʤʝʰʝʥʠʝ ʩʨʝʜ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ çʛʦʨʷʯʝʛʦè 
ʛʘʟʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ: 

½ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʟʦʧʨʦʚʦʜʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ 
ʙʝʟʛʠʜʨʘʪʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚʭʦʜʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ (1) ʥʘ ʚʝʩʴ ʧʝʨʠʦʜ ʜʦ 
ʟʘʚʝʨʰʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; 

½ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ [1]; 

½ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʧʨʠ 
ʩʦʦʨʫʞʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʧʦʪʦʢ VIII) çʛʦʨʷʯʝʛʦè 
ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ʢʦʣʣʝʢʪʦʨʦʤ ʥʘʛʥʝʪʘʥʠʷ (ʧʦʪʦʢ IV) II-
ʡ ʩʪʫʧʝʥʠ ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ ɼʂʉ ʠ ʚʭʦʜʥʳʤ ʢʦʣʣʝʢʪʦʨʦʤ (ʂ) ʩʝʧʘʨʘʪʦʨʦʚ. ʋʯʠʪʳʚʘʷ 
ʨʘʚʝʥʩʪʚʦ ʜʘʚʣʝʥʠʡ ʚ ʚʳʭʦʜʥʦʤ ʢʦʣʣʝʢʪʦʨʝ (ʧʦʪʦʢ III) ʩʝʧʘʨʘʪʦʨʦʚ (1) ʠ ʪʨʫʙʦʧʨʦʚʦʜʝ 
(ʧʦʪʦʢ V) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚ ɸɺʆ (6) II-ʡ ʩʪʫʧʝʥʠ ɼʂʉ çʩʳʨʦʛʦè ʛʘʟʘ, 
ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʘ ʧʫʪʠ ʧʦʪʦʢʦʚ çʚʳʩʦʢʦʛʦè ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʤʧʨʠʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ɼʂʉ 
ʧʦʪʦʢʘ çʥʠʟʢʦʛʦè ʜʘʚʣʝʥʠʷ ʢ ʘʙʩʦʨʙʝʨʘʤ (7) ʷʚʣʷʶʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʝʧʘʨʘʪʦʨʳ (1) 
ʠ ʘʧʧʘʨʘʪʳ ɸɺʆ ʛʘʟʘ (6) II-ʡ ʩʪʫʧʝʥʠ ɼʂʉ. ɺʝʣʠʯʠʥʘ ʧʝʨʝʧʘʜʘ (ȹʈ) ʥʘ ʧʨʦʝʢʪʠʨʫʝʤʦʤ 
ʛʘʟʦʧʨʦʚʦʜʝ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʧʝʨʝʧʘʜʦʚ ʜʘʚʣʝʥʠʡ ʥʘ ʪʨʫʙʥʳʭ ʧʫʯʢʘʭ 
ʘʧʧʘʨʘʪʦʚ ɸɺʆ ʛʘʟʘ (6) ʠ ʩʝʧʘʨʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʝʧʘʨʘʪʦʨʦʚ (1). 

ʊʘʙʣʠʮʘ 1 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 
ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠ  ̫
ɺʝʣʠʯʠʥʘ 

1. ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ. 

ʉʨʝʜʥʝʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʢʦʣʣʝʢʪʦʨ (ʂ) 

ʩʝʧʘʨʘʪʦʨʦʚ, Q1 
ʪʳʩ. ʥʤ

3
/ʯ 360 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʜʦ ʩʤʝʰʝʥʠʷ, T1 ʂ 263 

ɼʘʚʣʝʥʠʝ ʚʦ ʚʭʦʜʥʦʤ ʢʦʣʣʝʢʪʦʨʝ (ʂ) ʩʝʧʘʨʘʪʦʨʦʚ, ʈ1  ʄʇʘ 3,73 

ʈʘʟʥʦʩʪʴ ʧʝʨʝʧʘʜʦʚ ʜʘʚʣʝʥʠʝ ʥʘ ɸɺʆ ʛʘʟʘ ʠ ʩʝʧʘʨʘʪʦʨʘʭ, Dʈ ʄʇʘ 0,08 

ɼʘʚʣʝʥʠʝ ʚ ʢʦʣʣʝʢʪʦʨʝ ʥʘʛʥʝʪʘʥʠʷ II -ʡ ʩʪʫʧʝʥʠ ɼʂʉ, ʈ2 ʄʇʘ 3,81 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʣʣʝʢʪʦʨʝ ʥʘʛʥʝʪʘʥʠʷ II -ʡ ʩʪʫʧʝʥʠ ɼʂʉ, T2 ʂ 368 

ɼʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ çʛʦʨʷʯʝʛʦè ʛʘʟʘ, d ʤ 0,15 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʘ çʛʦʨʷʯʝʛʦè ʛʘʟʘ, L ʢʤ 0,10 

2. ʇʘʨʘʤʝʪʨʳ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. 

ʇʩʝʚʜʦʢʨʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʦʙʳʚʘʝʤʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ: 

- ʜʘʚʣʝʥʠʝ, ʈʇʂ 

- ʪʝʤʧʝʨʘʪʫʨʘ, ʊʇʂ 

 

ʄʇʘ 

ʂ 

 

4,56 

190,39 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʧʦ ʚʦʟʜʫʭʫ, D  0,562 

ʇʣʦʪʥʦʩʪʴ ʛʘʟʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʧʨʠ 293ʂ ʠ 0,1013 ʄʇʘ), rʉʊ ʢʛ/ʤ
3
 0,678 

3. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʛʘʟʦʧʨʦʚʦʜʘ ʩ ʫʩʣʦʚʥʳʤ ʜʠʘʤʝʪʨʦʤ 150 ʤʤ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʘʟʘ ʚ ʛʘʟʦʧʨʦʚʦʜʝ: 

- ʜʘʚʣʝʥʠʷ, ʈʇʈ =ʈʉʈ/ ʈʇʂ 

- ʪʝʤʧʝʨʘʪʫʨʳ, ʊʇʈ =ʊʉʈ/ ʊʇʂ 

 

 

 

0,827 

1,933 

ɺʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʛʘʟʦʧʨʦʚʦʜʝ (ʬʦʨʤʫʣʘ 2.1): 
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PP

P
PPʉʈ  ʄʇʘ 3,77 

ɺʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʠʤʘʝʤʦʩʪʠ ʚ ʛʘʟʦʧʨʦʚʦʜʝ (ʬʦʨʤʫʣʘ 

2.2): 

32

ʇʈ

ʇʈ

107,078,01,68-1

0241,0
1

ʇʈʇʈ

ʉʈ
ʊʊʊ

ʈ
z

Ö+Ö+Ö

Ö
-=  

 0,986 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʶ ʜʣʷ ʚʩʝʭ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʷ ʚ 

ʛʘʟʦʧʨʦʚʦʜʝ (ʬʦʨʤʫʣʘ 2.3): 
 0,0222 



ð 18 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 
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ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʛʘʟʦʧʨʦʚʦʜʝ (ʬʦʨʤʫʣʘ 2.4): 

2

ʊʈ

E
05,1
l
Ö=l   0,0275 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʧʦʪ ʦʢʘ ʚ ʛʘʟʦʧʨʦʚʦʜʝ (ʬʦʨʤʫʣʘ 2.5): 

mÖ

ÖD
Ö=

d

q275,17Re   4,73*10
6
 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʛʘʟʘ (ʬʦʨʤʫʣʘ 2.6): 

( )[ ] ( )[ ] ù
ú

ø
é
ê

è

-Ö
+ÖÖ-Ö+ÖÖ-Ö+Ö= -

)1(30
1104,01037,025,01,11101,5

2

6

ʇʈ

ʇʈ
ʇʈʇʈʉʊʉʊ

ʊ

ʈ
ʊʊrrm

 

ʇʘ * ʩ 1,35*10
-5 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʘʟʦʧʨʦʚʦʜʘ (ʬʦʨʤʫʣʘ 

2.7):  
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ʪʳʩ. ʥʤ
3
/ʯ 39,6 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ, ʩʦʛʣʘʩʥʦ 

ʩʦʦʪʥʦʰʝʥʠʶ (1), ʊS 
ʂ 274 

 
ʌʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚ ʩʝʧʘʨʘʪʦʨʘʭ (1) 

ʧʦʩʣʝ ʧʦʜʤʝʰʠʚʘʥʠʷ ʚʦ ʚʭʦʜʥʦʡ ʢʦʣʣʝʢʪʦʨ (ʂ) ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʚ ʩʘʤʳʡ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʩʪʘʚʠʣʦ ~ 1 ʉ̄. ʈʘʚʥʦʚʝʩʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʚʳʭ 
ʛʠʜʨʘʪʦʚ, ʩʦʛʣʘʩʥʦ çɿʘʚʠʩʠʤʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʢʦʥʜʝʥʩʠʨʫʶ-
ʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ ʛʘʟʦʧʨʦʚʦʜʘʭ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʜʦʙʳʚʘʝʤʦʛʦ ʛʘʟʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʣʴʜʦ- ʠ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷè, ʜʣʷ ʜʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʘʧʧʘʨʘʪʝ ʩʦʩʪʘʚʣʷʝʪ ~ 4 ʉ̄. ʇʨʠ 
ʵʪʦʤ ʙʝʟʛʠʜʨʘʪʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʝʧʘʨʘʪʦʨʦʚ (1) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʘʯʝʡ ʚ ʘʧʧʘʨʘʪʳ ʚ 
ʢʘʯʝʩʪʚʝ ʞʠʜʢʦʩʪʠ ʦʨʦʰʝʥʠʷ ʚʦʜʦʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ (ɺʄʈ), ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʥʘʩʳʱʝʥʥʦʛʦ ʤʝʪʘʥʦʣʘ ʚ ʢʦʪʦʨʦʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚ 
ʩʝʧʘʨʘʪʦʨʘʭ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʛʘʟʘ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ.     

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚʭʦʜʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʟʘʚʠʩʠʪ, ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ, ʦʪ ʢʘʯʝʩʪʚʘ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʣʷ ʟʘʜʘʥʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʘʧʧʘʨʘʪʳ ʧʦʪʦʢʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ. 
ʂʘʯʝʩʪʚʦ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ 
çʥʘʛʨʝʚʘʝʤʦʡè ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ (ʣʘʤʠʥʘʨʥʳʡ, ʣʠʙʦ ʪʫʨʙʫʣʝʥʪʥʳʡ) ʚʦ ʚʭʦʜʥʦʤ 
ʢʦʣʣʝʢʪʦʨʝ ʩʝʧʘʨʘʪʦʨʦʚ, ʦʪ ʩʧʦʩʦʙʘ ʚʚʦʜʘ ʚ ʟʦʥʫ ʩʤʝʰʝʥʠʷ çʛʦʨʷʯʝʛʦè ʛʘʟʘ ʠ ʚʨʝʤʝʥʠ 
ʧʨʝʙʳʚʘʥʠʷ ʧʦʪʦʢʦʚ ʚ ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ ʛʘʟʦʧʨʦʚʦʜʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʩʤʝʰʝʥʠʝ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ ʭʘʨʘʢʪʝʨʥʘ 
ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ. 
ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʧʦʪʦʢʘ, ʧʨʦʭʦʜʷʱʘʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʪʨʫʙʳ, ʠʤʝʷ ʤʘʢʩʠʤʘʣʴʥʫʶ 
ʩʢʦʨʦʩʪʴ, ʧʨʝʙʳʚʘʝʪ ʚʥʫʪʨʠ ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʛʘʟʦʧʨʦʚʦʜʘ ʤʝʥʴʰʝʝ ʚʨʝʤʷ, ʥʝʞʝʣʠ ʪʘ 
ʝʛʦ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʚʙʣʠʟʠ ʩʪʝʥʢʠ, ʠ, ʜʚʠʛʘʷʩʴ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, 
ʧʨʝʙʳʚʘʝʪ ʚ ʦʙʲʝʤʝ ʪʨʫʙʳ ʙʦʣʴʰʠʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. ʊʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʪʝʯʝʥʠʷ, 
ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʧʦʪʦʢʘ ʤʘʣʦʚʷʟʢʦʡ ʩʨʝʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʚʩʝʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʨʝʜʥʝʡ 
ʩʢʦʨʦʩʪʴʶ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʦʷ ʚ ʧʨʠʩʪʝʥʥʦʡ ʦʙʣʘʩʪʠ ʪʨʫʙʳ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ 
ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʷʜʨʘ ʧʦʪʦʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩʳ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʠ ʪʫʨʙʫʣʝʥʪʥʦʤ 
ʨʝʞʠʤʘʭ ʪʝʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʩʤʝʩʠ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 
(ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʧʦʪʦʢʝ), ʧʨʦʮʝʩʩ ʩʤʝʰʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʩʣʦʝʚ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ 
ʩʤʝʩʠ ʟʘʚʝʨʰʠʪʩʷ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ, ʪʘʢ ʢʘʢ ʨʘʟʥʳʝ ʧʦʨʮʠʠ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʪʦʢʘ 
ʧʨʝʙʳʚʘʶʪ ʚ ʟʦʥʝ ʩʤʝʰʝʥʠʷ ʨʘʟʥʦʝ ʚʨʝʤʷ. ʇʨʷʤʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 
ʧʨʦʮʝʩʩ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʪʝʯʝʥʠʷ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  19 ð 

 

      

 

ʈʝʞʠʤ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʟʘʚʠʩʠʪ ʥʝ ʩʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʧʣʦʪʥʦʩʪʠ (r) ʠ ʚʷʟʢʦʩʪʠ (m) ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʩʨʝʜʳ, ʩʢʦʨʦʩʪʠ (w) ʝʝ ʪʝʯʝʥʠʷ ʠ 
ʜʠʘʤʝʪʨʘ (d) ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʢʦʣʴʢʦ ʦʪ ʟʥʘʯʝʥʠʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʚʩʝʭ ʵʪʠʭ 
ʧʘʨʘʤʝʪʨʦʚ, ʥʘʟʳʚʘʝʤʦʡ ʢʨʠʪʝʨʠʝʤ ʈʝʡʥʦʣʴʜʩʘ: 

m

rdw ÖÖ
=Re                                          (3) 

ɺ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʷʭ ʚʭʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʩʝʧʘʨʘʪʦʨʦʚ ʜʣʷ ʧʦʪʦʢʘ çʚʳʩʦʢʦʛʦè 

ʜʘʚʣʝʥʠʷ (r ~ 27 ʢʛ/ʤ3, m ~ 10-5ʇʘ, w ~ 3 ʤ/ʩ, d = 1 ʤ) ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 
ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʥʝʢʦʝ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ Re >> 104. ʈʝʞʠʤ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ 
ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚʦ ʚʭʦʜʥʦʤ ʢʦʣʣʝʢʪʦʨʝ (ʂ) ʜʦ ʧʦʜʤʝʰʠʚʘʥʠʷ ʚ ʥʝʛʦ ʛʦʨʷʯʝʛʦ 
ʛʘʟʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʫ ʩ ʤʦʱʥʳʤ ʠ ʵʥʝʨʛʠʯʥʳʤ 
ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʨʝʜʳ. 

 
ʈʠʩʫʥʦʢ 2.ʉʭʝʤʘ ʙʦʢʦʚʦʛʦ ʚʚʦʜʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʛʘʟʦʧʨʦʚʦʜ ʧʦʪʦʢʘ ʛʦʨʷʯʝʛʦ ʛʘʟʘ: 

1 ï çʧʨʷʤʘʷè ʚʨʝʟʢʘ ʚ ʛʘʟʦʧʨʦʚʦʜ;  I ï ʧʦʪʦʢ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ; II ï ʪʨʘʝʢʪʦʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʚ ʛʘʟʦʞʠʜʢʦʩʪʥʦʤ ʧʦʪʦʢʝ; w1 ï ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʩʤʝʩʠ; w2 ï ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʩʪʨʫʠ ʛʦʨʷʯʝʛʦ ʛʘʟʘ.   

 

ʉʣʝʜʫʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ, ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʚʚʦʜʘ ʚ ʛʘʟʦʞʠʜʢʦʩʪʥʳʡ ʧʦʪʦʢ ʩʪʨʫʠ 

ʛʦʨʷʯʝʛʦ ʛʘʟʘ.  

ɺ ʧʨʦʤʳʩʣʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥ ʙʦʢʦʚʦʡ ʩʧʦʩʦʙ ʚʚʦʜʘ ʩʪʨʫʠ ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ, ʚʳʧʦʣʥʝʥʥʳʡ ʧʦʩʨʝʜʩʪʚʦʤ çʧʨʷʤʦʡè ʚʨʝʟʢʠ (1 ï ʥʘ 

ʨʠʩʫʥʢʝ 2) ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʢʦʣʣʝʢʪʦʨʘ (ʂ ï ʥʘ ʨʠʩʫʥʢʝ 1) ʧʦʜʘʯʠ ʛʘʟʘ ʢ ʩʝʧʘʨʘʪʦʨʘʤ 

(1). 

ɺʚʦʜʠʤʘʷ ʚʦ ʚʭʦʜʥʦʡ ʢʦʣʣʝʢʪʦʨ ʩʝʧʘʨʘʪʦʨʦʚ ʩʪʨʫʷ ʛʦʨʷʯʝʛʦ ʛʘʟʘ, ʠʤʝʷ ʙʦʣʴʰʫʶ 

ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, çʩʚʦʙʦʜʥʦ ʫʪʦʧʘʝʪè ʚ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʤ ʧʦ ʢʦʣʣʝʢʪʦʨʫ 

ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ, çʨʘʩʪʝʢʘʷʩʴè ʚʝʨʪʠʢʘʣʴʥʦ ʦʪ ʚʝʨʭʥʝʡ ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʢ ʝʛʦ ʥʠʞʥʝʡ ʩʪʝʥʢʝ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ çʩʚʦʙʦʜʥʦʛʦ ʫʪʦʧʣʝʥʠʷè ʩʪʨʫʠ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ ʷʚʣʷʝʪʩʷ 

ʠʭ ʨʘʚʥʦʤʝʨʥʦʝ ʪʫʨʙʫʣʝʥʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ. ɺʚʦʜʠʤʘʷ ʚ ʧʦʪʦʢ ʩʪʨʫʷ ʛʦʨʷʯʝʛʦ ʛʘʟʘ 

ʧʦ ʤʝʨʝ ʝʝ ʧʨʦʜʚʠʞʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʙʦʣʴʰʝʡ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ, 

ʧʦʜʪʦʨʤʘʞʠʚʘʷʩʴ, ʫʚʣʝʢʘʝʪ ʟʘ ʩʦʙʦʡ ʚʩʝ ʙʦʣʴʰʠʡ ʠ ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ 

ʩʤʝʩʠ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʵʪʦʤ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, 

ʥʝʧʨʝʨʳʚʥʦ çʨʘʟʨʘʩʪʘʷʩʴè, ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʣʝ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦ 

ʚʩʝʤʫ ʦʙʲʝʤʫ ʧʦʜʚʦʜʠʤʦʛʦ ʚ ʩʝʧʘʨʘʪʦʨʳ ʦʙʱʝʛʦ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ. 

ʊʨʝʪʴʠʤ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʘʯʝʩʪʚʦ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ, 

ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʩʤʝʰʠʚʘʝʤʳʭ ʩʨʝʜ ʚ ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ ʛʘʟʦʧʨʦʚʦʜʘ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʩʤʝʰʝʥʠʷ.  



ð 20 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ. ʉʪʨʫʷ ʛʦʨʷʯʝʛʦ ʛʘʟʘ, ʚʚʦʜʠʤʘʷ 

ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʚʭʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʪʝʯʝʥʠʶ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ 

ʧʦʪʦʢʘ, ʠʤʝʝʪ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʩʢʦʨʦʩʪʠ. ɺʝʣʠʯʠʥʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʩ ʜʠʘʤʝʪʨʦʤ d (ʩʤ) ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʝʝ ʵʤʧʠʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ [2]:  

,01247,0
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ʛʜʝ Q ï ʨʘʩʭʦʜ ʛʘʟʘ ʚ ʛʘʟʦʧʨʦʚʦʜʝ (ʥʤ
3
/ʯ); 

ʊʉʈ  ï ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʩʨʝʜʳ (ʂ); 

ʈʉʈ  ï ʩʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ ʚ ʛʘʟʦʧʨʦʚʦʜʝ (ʢʛ/ʩʤ
2
).   

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʦʚ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʠ ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʜʦ ʠʭ 

ʩʤʝʰʝʥʠʷ ʚʦ ʚʭʦʜʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ʩʦʩʪʘʚʣʷʝʪ w1 ~ 3 ʤ/ʩ ʠ w2 ~ 21 ʤ/ʩ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʢʦʨʦʩʪʴ ʩʪʨʫʠ ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʚʥʫʪʨʠ ʢʦʣʣʝʢʪʦʨʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʤʛʥʦʚʝʥʥʦ ʧʨʠʦʙʨʝʪʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʘ 

ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ wS ~3,60 ʤ/ʩ.  

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʛʘʟʦʚʦʡ 

ʩʪʨʫʠ ʚʥʫʪʨʠ ʢʦʣʣʝʢʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ [3]: 

,)( 2

1 Ddwwɺ Ö=                                        (5) 

ʛʜʝ d ï ʜʠʘʤʝʪʨ ʛʘʟʦʧʨʦʚʦʜʘ (ʤ); 

D  ï ʜʠʘʤʝʪʨ ʚʭʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʩʝʧʘʨʘʪʦʨʦʚ (ʤ), 

 ʠ ʜʣʷ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʡ ʩʤʝʰʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ  wɺ ~0,4 ʤ/ʩ. 

ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʪʨʫʝʡ ʛʦʨʷʯʝʛʦ ʛʘʟʘ ʥʠʞʥʝʡ 

ʦʙʨʘʟʫʶʱʝʡ ʢʦʣʣʝʢʪʦʨʘ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ, ʢʘʢ ɺʉʈ wDt = , ʠ ʩʦʩʪʘʚʣʷʝʪ ~2,5 

ʩʝʢʫʥʜʳ.    

ʈʘʟʤʝʨʳ ʟʦʥʳ ʚʭʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʝʥʠʝ ʩʪʨʫʠ ʛʦʨʷʯʝʛʦ 

ʛʘʟʘ ʠ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʝʤ ʧʨʝʙʳʚʘʥʠʷ ʚ 

ʵʪʦʡ ʟʦʥʝ ʩʤʝʰʠʚʘʝʤʳʭ ʩʨʝʜ. ɼʣʠʥʘ ʫʯʘʩʪʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʉʈtwL Ö= S , ʠ ʩʦʩʪʘʚʣʷʝʪ 

~ 10 ʤ.  

ʌʘʢʪʠʯʝʩʢʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʘ ʚʭʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʮʝʩʩ ʧʦʜʦʛʨʝʚʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ, ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʯʝʪʥʳʤ ʠ ʩʦʩʪʘʚʣʷʝʪ 10ʤ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʤʝʰʝʥʠʝ ʧʦʪʦʢʦʚ ʩʨʝʜ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʧʦʜʘʚʘʝʤʦʡ ʚ ʩʝʧʘʨʘʪʦʨʳ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ 

ʧʦʪʦʢʘ. 

ɺʳʚʦʜʳ:  

1. ɺ ʧʨʦʮʝʩʩʝ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʧʦʜʦʛʨʝʚʘ ʧʦʜʘʚʘʝʤʦʡ ʚ ʩʝʧʘʨʘʪʦʨʳ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʥʘʜ 

ʤʝʪʦʜʦʤ ʚʚʦʜʘ ʚ ʛʘʟʦʞʠʜʢʦʩʪʥʳʡ ʧʦʪʦʢ ʠʥʛʠʙʠʪʦʨʘ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ï 

ʥʘʜʝʞʥʦʩʪʴ ʚ ʨʘʙʦʪʝ, ʦʪʩʫʪʩʪʚʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʝ 

çʧʦʜʤʝʰʠʚʘʝʤʦʛʦè ʛʘʟʘ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʥʦʣʘ ʠ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʛʦ 

ʨʝʛʝʥʝʨʘʮʠʝʡ.  

2. ɺ ʧʨʦʮʝʩʩʝ ʩʝʧʘʨʘʮʠʠ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʡ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚ ʫʩʣʦʚʠʷʭ 

çʧʨʦʤʳʚʢʠè ʛʘʟʘ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʴʶ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʫʥʦʩʠʤʦʡ ʩ ʦʪʩʝʧʘʨʠʨʦʚʘʥʥʳʤ ʛʘʟʦʤ ʢʘʧʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʩʦʣʝʡ ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʛʠʜʨʘʪʥʦʡ ʨʘʙʦʪʳ 

ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  21 ð 

 

      

 

3. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʩʝʧʘʨʘʪʦʨʦʚ, 

ʙʝʩʩʧʦʨʥʦ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʣʠʰʴ ʧʦʚʳʰʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʦʪʩʝʧʘʨʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ 

ʚʣʘʛʦʡ ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʵʪʠʤ ʨʦʩʪ ʥʘʛʨʫʟʢʠ ʥʘ ʩʠʩʪʝʤʫ ʦʩʫʰʢʠ ʛʘʟʘ ʧʦ ʞʠʜʢʦʩʪʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʘʙʩʦʨʙʝʥʪʘ. ʆʜʥʘʢʦ, ʜʘʥʥʳʡ 

çʥʝʜʦʩʪʘʪʦʢè ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʵʢʦʥʦʤʠʝʡ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʤʝʪʘʥʦʣʘ. 

4. ʇʦʣʫʯʝʥʥʳʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʨʦʚʝʜʝʥʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʛʘʟʦʩʙʦʨʥʦʡ ʩʝʪʠ çʥʠʟʢʦʛʦè ʜʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʡ ʧʦʟʚʦʣʠʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʩʣʦʞʥʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ, ʠ ʦʙʝʩʧʝʯʠʪ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤ 

ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ.    

***  

1. ʆʙʱʝʩʦʶʟʥʳʝ ʥʦʨʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ. ʏʘʩʪʴ 1. 
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3. ʉʠʥʘʡʩʢʠʡ ʕ.ɻ., ʃʘʧʠʛʘ ɽ.ʗ., ɿʘʡʮʝʚ ʖ.ɺ. çʉʝʧʘʨʘʮʠʷ ʤʥʦʛʦʬʘʟʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤè. ʄ.: 

ʆʆʆ çʅʝʜʨʘ ï ɹʠʟʥʝʩ ʮʝʥʪʨè, 2002. ï 621ʩ.; ʠʣ. 

ɿʜʨʦʢ ɸ.ɽ., ʊʨʫʬʘʥʦʚʘ ɸ.ʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʧʣʝʥʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʧʣʦʪʪʝʨʥʦʡ ʧʝʯʘʪʠ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʩʧʝʢʘʥʠʷ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʧʣʝʥʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʧʣʦʪʪʝʨʥʦʡ ʧʝʯʘʪʠ, ʥʘ ʟʥʘʯʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʥʪʝʨʥʘʷ ʧʝʯʘʪʴ, ʧʣʦʪʪʝʨ, ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʧʣʝʥʢʠ, 

ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʉɺʏ-ʵʣʝʢʪʨʦʥʠʢʘ. 

 

Abstract 

This paper presents the main results of the study of the influence of the temperature 

regime of sintering of conductive films made by the plotter printing method on the value of 

adhesive strength. The description of the experimental setup and research methods are given. 

Keywords: ink-jet printing, plotter, conductive films, adhesive properties, microwave 

electronics. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʥʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʞʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʜʦ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʘʩʩʠʚʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʉɺʏ-ʩʪʨʫʢʪʫʨ. ʆʜʥʘʢʦ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʠʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʠ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ ʧʝʯʘʪʠ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʟʘʜʘʯ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡ. 



ð 22 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʘʜʛʝʟʠʠ ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʣʝʥʢʦʡ ʠ ʦʩʥʦʚʘʥʠʝʤ, ʥʘ ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʯʘʪʴ ʤʘʪʝʨʠʘʣʘ.  

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ʧʣʦʪʪʝʨʥʦʡ ʧʝʯʘʪʠ [1] ʦʪʥʦʩʠʪʩʷ ʢ 

ʬʠʟʠʯʝʩʢʦʤʫ ʪʠʧʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʪʚʝʨʜʳʤ ʪʝʣʦʤ ʠ ʞʠʜʢʦʩʪʴʶ. ɸʜʛʝʟʠʷ 

ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʂ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʦʪʥʦʩʷʪ: 

½ ʢʦʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

½ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ; 

½ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ; 

½ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ ʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ. 

ʊʘʢ ʩʠʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʦʜʠʥʘʢʦʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʥʫʪʨʠ ʪʝʣʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ 

ʬʘʟʳ ʷʚʣʷʝʪʩʷ ʙʘʨʴʝʨʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʠ. ɺʳʩʦʢʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ ʞʠʜʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʙʦʣʴʰʦʡ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʢ 

ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ: ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʩʠʩʪʝʤʫ çʧʣʸʥʢʘ-ʧʦʜʣʦʞʢʘè. ɺ ʯʘʩʪʥʦʩʪʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʞʠʤʳ ʩʧʝʢʘʥʠʷ ʧʣʝʥʦʢ, 

ʪʘʢ ʢʘʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʟʘʚʠʩʷʪ ʢʘʢ ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ 

ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʠʣʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ 

ʧʣʝʥʦʢ, ʥʘʥʝʩʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʣʦʪʪʝʨʥʦʡ ʧʝʯʘʪʠ, ʦʪ ʨʝʞʠʤʦʚ ʩʧʝʢʘʥʠʷ. 

ʉʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʇʨʷʤʳʤ ʠ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʩʧʦʩʦʙʦʤ ʦʮʝʥʢʠ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʦʪʨʳʚʘ ʧʣʝʥʢʠ. ʊʦ ʝʩʪʴ ʠʟʤʝʨʝʥʠʝ ʧʨʠʣʦʞʝʥʥʦʡ ʩʠʣʳ ʠʣʠ ʩʦʚʝʨʰʝʥʥʦʡ ʨʘʙʦʪʳ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʥʘʨʫʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʣʝʥʢʦʡ ʠ ʧʦʜʣʦʞʢʦʡ. 

ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʫʪʝʤ ʦʪʨʳʚʘ ʧʣʝʥʦʢ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ 

ʧʦ ʜʚʫʤ ʧʨʠʟʥʘʢʘʤ: ʥʘʧʨʘʚʣʝʥʠʝ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʥʪʘʢʪ ʧʣʝʥʢʘ-ʧʦʜʣʦʞʢʘ ʠ 

ʫʩʣʦʚʠʷ ʥʘʨʫʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʢʦʥʪʘʢʪ ʧʣʝʥʢʘ-ʧʦʜʣʦʞʢʘ ʨʘʟʣʠʯʘʶʪ ʦʪʨʳʚ:  

½ ʥʦʨʤʘʣʴʥʳʡ: ʥʘʨʫʰʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʣʝʥʢʦʡ ʠ ʧʦʜʣʦʞʢʦʡ ʧʦ ʚʩʝʡ 
ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʚʥʝʰʥʝʡ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [2]; 

½ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ: ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʠʣʘ ʤʦʞʝʪ ʧʨʠʢʣʘʜʳʚʘʪʴʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ, 

ʚʳʟʳʚʘʷ ʩʜʚʠʛ, ʢʨʫʯʝʥʠʝ ʠʣʠ ʩʨʝʟ [3].  

ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʥʘʨʫʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʚʳʜʝʣʷʶʪ ʚʠʜʳ ʦʪʨʳʚʘ: 

½ ʦʜʥʦʚʨʝʤʝʥʥʳʡ: ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʚʩʝʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʞʜʫ 
ʧʣʝʥʢʦʡ ʠ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; 

½ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ: ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʣʘʠʚʘʥʠʝ ʧʣʝʥʢʠ ʠʣʠ ʝʝ ʨʘʩʱʝʧʣʝʥʠʝ. 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʥʝʙʦʣʴʰʠʭ ʧʦ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʉʠʣʘ ʦʪʨʳʚʘ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʠ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʚʩʶ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʧʣʝʥʢʠ ʩ ʧʦʜʣʦʞʢʦʡ, ʨʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 

ʠʟʤʝʨʷʝʪʩʷ ʚ ʇʘ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʘʜʛʝʟʠʠ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ:  

½ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʳʚʘʝʤʦʡ ʧʣʝʥʢʠ 
ʠ ʠʩʪʦʯʥʠʢʘ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʩʠʣʳ; 

½ ʤʘʣʘʷ ʠ ʨʘʚʥʦʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʨʘʟʨʫʰʘʶʱʝʛʦ ʫʩʠʣʠʷ; 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  23 ð 

 

      

 

½ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʦʪʨʳʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʦʜʣʦʞʢʠ. 

ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʩʧʳʪʘʪʝʣʴʥʳʡ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʪʝʥʜ ʄɽɻɽʆʅ-03000D. ʉʪʝʥʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʝʩʪʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʧʣʝʥʢʦʡ, ʩʪʨʦʛʦ ʮʝʥʪʨʠʨʦʚʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʢ ʠʩʧʳʪʫʝʤʦʤʫ ʦʙʨʘʟʮʫ, 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʘʜʛʝʟʠʦʥʥʦʤʫ ʰʚʫ, ʧʣʘʚʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʨʘʟʨʫʰʘʶʱʝʛʦ ʫʩʠʣʠʷ.  

ʀʟʤʝʨʝʥʠʝ ʩʠʣʳ ʦʪʨʳʚʘ ʧʣʝʥʢʠ ʦʪ ʧʦʜʣʦʞʢʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʠʥʘʤʦʤʝʪʨʦʤ 

ʄɽɻɽʆʅ-03500. ʈʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

ůʦʪʨ = F/S                                                      (1), 

ʛʜʝ F ï ʩʠʣʘ ʦʪʨʳʚʘ ʧʣʝʥʢʠ ʦʪ ʧʦʜʣʦʞʢʠ, ʅ; 

S ï ʧʣʦʱʘʜʴ ʦʙʨʘʟʮʘ ʧʣʝʥʢʠ, ʤʤ2. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʧʣʝʥʢʦʡ ʠ ʜʠʥʘʤʦʤʝʪʨʦʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʠʥʪ. ʉ 

ʜʠʥʘʤʦʤʝʪʨʦʤ ʚʠʥʪ ʩʦʝʜʠʥʷʣʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʞʝʩʪʢʦʛʦ ʨʝʟʴʙʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢ ʧʣʝʥʢʝ 

ʚʠʥʪ ʧʨʠʧʘʠʚʘʣʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʘʷʣʴʥʦʡ ʧʘʩʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 Áʉ ʚ ʢʘʤʝʨʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ çʇʄ-1700ʧè. 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
1) ʧʦʜʣʦʞʢʘ; 2) ʪʦʢʦʧʨʦʚʦʜʷʱʘʷ ʧʣʝʥʢʘ; 3) ʧʘʷʣʴʥʘʷ ʧʘʩʪʘ; 4) ʚʠʥʪ; 5) ʬʠʢʩʘʪʦʨ ʨʝʟʴʙʦʚʦʡ; 

6) ʨʝʟʴʙʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʧʣʝʥʢʠ 

ʪʦʣʱʠʥʦʡ 60 ʤʢʤ. ʄʘʪʝʨʠʘʣ ʧʦʜʣʦʞʝʢ ï ɺʂ-96, ʤʘʪʝʨʠʘʣ ʧʣʝʥʦʢ ï ʪʦʢʦʧʨʦʚʦʜʷʱʘʷ ʧʘʩʪʘ 

ʇʇ-17ʉ [4], ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉɺʏ-ʵʣʝʤʝʥʪʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʣʝʥʦʢ ï ʧʣʦʪʪʝʨʥʘʷ ʧʝʯʘʪʴ, ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʣʣʝʢʪʠʚʦʤ ʉʂɹ 

çʉʤʝʥʘè, ʊʋʉʋʈ [5].  

ʉʧʝʢʘʥʠʝ ʧʣʝʥʦʢ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʢʘʤʝʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ. ɺʳʙʦʨ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʩʧʝʢʘʥʠʷ ʧʣʝʥʦʢ ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ ʊʋ 6365-010-59839838-2005 

[4]. ʊʘʢ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ: ʤʠʥʠʤʘʣʴʥʦʝ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʴʰʝ 770 Áʉ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʛʨʘʥʠʮ ʧʣʝʥʦʢ 

ʥʘʨʫʰʘʝʪʩʷ (ʨʠʩ. 2). 

2 
3 
4 

5 

6 

1 



ð 24 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩ. 2. ʈʘʟʨʫʰʝʥʠʝ ʧʣʝʥʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ ʩʚʳʰʝ 770 Áʉ 

 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:  

1) ʧʦʜʛʦʪʦʚʢʘ ʧʦʜʣʦʞʝʢ ʜʣʷ ʧʝʯʘʪʠ (ʦʪʤʳʚʢʘ, ʩʫʰʢʘ, ʦʙʨʘʙʦʪʢʘ ʠ ʪ.ʜ.); 

2) ʠʟʛʦʪʦʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (9 ʧʦʜʣʦʞʝʢ ʧʦ 10 ʧʣʝʥʦʢ 

ʨʘʟʤʝʨʦʤ 5ʭ5 ʤʤ);  

3) ʩʧʝʢʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʨʝʭ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ (ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ ʧʦ ʪʨʠ ʧʦʜʣʦʞʢʠ):  

ʘ) ʚʨʝʤʷ ʥʘʛʨʝʚʘ ï 15 ʤʠʥ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ï 10 ʤʠʥ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550 Áʉ, 

ʦʭʣʘʞʜʝʥʠʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 30 Áʉ;  

ʙ) ʚʨʝʤʷ ʥʘʛʨʝʚʘ ï 15 ʤʠʥ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ï 10 ʤʠʥ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650 Áʉ, 

ʦʭʣʘʞʜʝʥʠʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 30 Áʉ;  

ʚ) ʚʨʝʤʷ ʥʘʛʨʝʚʘ ï 15 ʤʠʥ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ï 10 ʤʠʥ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750 Áʉ, 

ʦʭʣʘʞʜʝʥʠʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 30 Áʉ; 

4) ʠʟʤʝʨʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʛʦʪʦʚʳʭ ʧʣʝʥʦʢ ʥʘ ʧʨʦʬʠʣʦʤʝʪʨʝ 

MicroXAM -100;  

5) ʠʟʤʝʨʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʣʝʥʦʢ:  

ʘ) ʧʘʡʢʘ ʢʨʝʧʝʞʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʥʘʧʝʯʘʪʘʥʥʦʡ ʧʣʝʥʢʝ; 

ʙ) ʢʨʝʧʣʝʥʠʝ ʧʦʜʣʦʞʢʠ ʢ ʩʪʝʥʜʫ;  

ʚ) ʩʦʝʜʠʥʝʥʠʝ ʚʠʥʪʘ ʩ ʜʠʥʘʤʦʤʝʪʨʦʤ;  

ʛ) ʩʦʟʜʘʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʘʧʨʷʞʝʥʠʷ (ʤʦʤʝʥʪʘ ʦʪʨʳʚʘ ʧʣʝʥʢʠ); 

ʜ) ʬʠʢʩʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ; 

6) ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ ʦʮʝʥʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 90 ʟʥʘʯʝʥʠʡ (ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ 

ʦʪʞʠʛʘ ʧʣʝʥʦʢ 30 ʟʥʘʯʝʥʠʡ) ʠ ʨʘʩʩʯʠʪʘʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʦʪʨʳʚʘ ʠ 

ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʝʞʠʤʦʚ ʩʧʝʢʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

ʘ) F1 = 17,78 H, ůʦʪʨ1 = 0,71 ʄʇʘ; 

ʙ) F2 = 28,69 H, ůʦʪʨ2 = 1,15 ʄʇʘ 

ʚ) F2 = 46,29 H, ůʦʪʨ3 = 1,85 ʄʇʘ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʥʝ ʧʨʝʚʳʩʠʣʘ 0,27 ʢʇʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʣʝʥʦʢ 

ʤʝʪʦʜʦʤ ʧʣʦʪʪʝʨʥʦʡ ʧʝʯʘʪʠ ʰʧʨʠʮʝʚʦʛʦ ʜʦʟʠʨʦʚʘʥʠʷ ʩʝʨʝʙʨʷʥʳʭ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ 

ʧʘʩʪ, ʠ ʧʨʦʠʟʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʣʝʥʦʢ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ:  

1) ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʧʣʝʥʦʢ ʫʤʝʥʴʰʘʝʪʩʷ ʠʭ ʘʜʛʝʟʠʦʥʥʘʷ 

ʧʨʦʯʥʦʩʪʴ;  

2) ʧʨʝʚʳʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʙʦʣʝʝ 770Áʉ) ʩʧʝʢʘʥʠʷ 

ʨʘʟʨʫʰʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʢʠ; 

3) ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ ʥʝ ʤʝʥʝʝ 700 Áʉ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʠ ʧʣʝʥʦʢ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  25 ð 

 

      

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 18-38-00664 ʤʦʣ_ʘ.  

***  
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ ʥʘ ʩʪʘʜʠʠ ʣʝʩʦʟʘʛʦʪʦʚʢʠ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ 

ʨʦʪʦʨʥʦ-ʥʦʞʝʚʦʡ ʤʝʣʴʥʠʮʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʘʪʴ ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʳʡ 

ʧʦʣʫʬʘʙʨʠʢʘʪ ʠʟ ʦʪʭʦʜʦʚ ʣʝʩʦʟʘʛʦʪʦʚʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʟʤʦʣ, ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʳʡ ʧʦʣʫʬʘʙʨʠʢʘʪ, ʨʦʪʦʨʥʦ-

ʥʦʞʝʚʘʷ ʤʝʣʴʥʠʮʘ, ʣʝʩʦʩʝʯʥʳʝ ʦʪʭʦʜʳ, ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ. 

 

Abstract 

Measures directed on improvement of system of complex processing of wood at a 

stage of logging by introduction of the rotor and knife mill allowing to receive the wood-fiber 

semi-finished product from waste of logging operations are developed. 

Keyword:  grinding, wood-fiber semi-finished product, rotary knife mill, cutting 

waste, integrated use of wood. 

 

ɺ ʧʨʦʮʝʩʩʝ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʦʙʨʘʟʫʶʪʩʷ ʦʪʭʦʜʳ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʥʷʪʦ 

ʦʪʥʦʩʷʪʩʷ: ʚʝʪʢʠ ʠ ʩʫʯʴʷ, ʚʝʨʰʠʥʘ, ʢʨʦʥʘ, ʤʝʣʢʠʝ ʜʝʨʝʚʴʷ, ʢʫʩʪʘʨʥʠʢʠ, ʥʘʜʣʦʤʣʝʥʥʳʝ 

ʜʝʨʝʚʴʷ, ʧʥʠ ʠ ʢʦʨʥʠ [2]. ʂʦʣʠʯʝʩʪʚʦ ʣʝʩʦʩʝʯʥʳʭ ʦʪʭʦʜʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 25% 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʚʦʣʦʚʦʡ ʯʘʩʪʠ ʨʘʩʪʫʱʝʛʦ ʜʝʨʝʚʘ [9]. ɺ ʈʦʩʩʠʠ ʩ 2013 ʧʦ 2017 ʛʛ. 

ʣʝʩʦʩʝʯʥʳʝ ʦʪʭʦʜʳ ʩʦʩʪʘʚʣʷʣʠ ʩʚʳʰʝ 22 ʤʣʥ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʚ ʛʦʜ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʦʣʴʢʦ 2 ʤʣʥ ʚ ʛʦʜ ʦʪʭʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦ, ʘ ʦʩʪʘʣʴʥʦʡ ʦʙʲʝʤ 



ð 26 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʞʠʛʘʥʠʶ ʠ ʟʘʭʦʨʦʥʝʥʠʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʦʩʝʢʠ ʩ ʙʦʣʴʰʦʡ ʟʘʪʨʘʪʦʡ 

ʨʘʙʦʯʝʛʦ ʠ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ [2]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ 

ʣʝʩʦʟʘʛʦʪʦʚʦʢ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʨʘʟʤʘʣʳʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʘʪʴ 

ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʳʡ ʧʦʣʫʬʘʙʨʠʢʘʪ ʠʟ ʧʦʨʫʙʦʯʥʳʭ ʦʩʪʘʪʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʣʝʩʦʟʘʛʦʪʦʚʦʢ. 

ʄʘʪʝʨʠʘʣʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ, 

ʨʘʟʤʝʱʸʥʥʳʝ ʚ ʞʫʨʥʘʣʘʭ, ʧʫʙʣʠʢʘʮʠʠ, ʜʠʩʩʝʨʪʘʮʠʠ, ʫʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʨʝʩʫʨʩʳ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʥʳʡ ʠ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʬʠʟʠʯʝʩʢʠʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʝʩʦʩʝʯʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʙʘʟʝ 

ʬʠʣʠʘʣʘ ʉʠʙɻʋ ʚ ʛʦʨʦʜʝ ʃʝʩʦʩʠʙʠʨʩʢʝ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʜʨʝʚʝʩʠʥʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʨʪʠʨʦʚʘʪʴ ʧʦ ʚʠʜʘʤ ʠ ʧʦʨʦʜʘʤ ʦʪʭʦʜʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʠʭ ʚ ʢʦʥʜʠʮʠʦʥʥʫʶ ʱʝʧʫ. 

ʉ ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʦʨʪʠʨʦʚʢʠ ʧʦʨʫʙʦʯʥʳʭ 

ʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʰʠʥʠʟʘʮʠʝʡ ʦʧʝʨʘʮʠʠ ʩʦʨʪʠʨʦʚʢʠ ʧʦʨʫʙʦʯʥʳʭ 

ʦʩʪʘʪʢʦʚ ʧʦ ʠʭ ʚʠʜʘʤ ʠ ʧʦʨʦʜʘʤ [5].  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʮʝʧ ʬʦʨʚʘʨʜʝʨʘ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʨʪʠʨʦʚʢʫ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʚʝʪʦʢ, ʚʝʨʰʠʥ ʠ 

ʩʫʯʴʝʚ [1, 11].  

ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ ʧʦ ʚʠʜʘʤ ʠ ʧʦʨʦʜʘʤ ʦʪʭʦʜʳ ʤʦʞʥʦ 

ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʚ ʱʝʧʫ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʩʠʩʪʝʤʫ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚʢʣʶʯʝʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʤʦʙʠʣʴʥʘʷ ʤʥʦʛʦʨʝʟʮʦʚʘʷ 

ʨʫʙʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʣʝʩʦʩʝʯʥʳʝ ʦʪʭʦʜʳ ʚ 

ʢʦʥʜʠʮʠʦʥʥʫʶ ʱʝʧʫ [3]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʱʝʧʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʦʪʭʦʜʦʚ ʣʝʩʦʟʘʛʦʪʦʚʦʢ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʚʠʜʝ ʜʨʝʚʝʩʥʳʭ ʧʝʣʣʝʪ ʠʣʠ ʧʦʜʚʝʨʛʘʪʴʩʷ ʩʞʠʛʘʥʠʶ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʦʩʝʢʠ [7]. ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʱʝʧʳ ʠʟ ʣʝʩʦʩʝʯʥʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʦʛʦ 

ʧʦʣʫʬʘʙʨʠʢʘʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʠʪʥʦʡ ʠʣʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʉʫʱʝʩʪʚʫʶʱʝʝ ʨʘʟʤʘʣʳʚʘʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʳʡ ʧʦʣʫʬʘʙʨʠʢʘʪ ʚ ʫʩʣʦʚʠʷʭ ʣʝʩʦʟʘʛʦʪʦʚʦʢ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʨʘʟʤʦʣ 

ʥʘ ʪʘʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʛʜʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [12]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʩʠʩʪʝʤʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʨʝʚʝʩʠʥʳ ʚʢʣʶʯʝʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʨʦʪʦʨʥʦ-ʥʦʞʝʚʘʷ ʤʝʣʴʥʠʮʘ (ʨʠʩʫʥʦʢ 1), 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʳʡ ʧʦʣʫʬʘʙʨʠʢʘʪ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟ ʱʝʧʳ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʤʦʙʠʣʴʥʦʡ 

ʤʥʦʛʦʨʝʟʮʦʚʦʡ ʨʫʙʠʪʝʣʴʥʦʡ ʤʘʰʠʥʝ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʨʦʪʦʨʥʦ-ʥʦʞʝʚʘʷ ʤʝʣʴʥʠʮʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʱʝʧʘ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʟʘʛʨʫʟʦʯʥʳʡ ʧʘʪʨʫʙʦʢ 1 ʚ ʧʝʨʚʫʶ ʟʦʥʫ ʨʘʟʤʦʣʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʱʝʧʫ ʠ ʧʫʯʢʠ ʚʦʣʦʢʦʥ [10]. ɺ 

ʧʝʨʚʦʡ ʟʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʤʦʣ ʱʝʧʳ ʠ ʧʫʯʢʦʚ ʚʦʣʦʢʦʥ ʚ ʨʝʛʫʣʠʨʫʝʤʦʤ ʨʘʙʦʯʝʤ 

ʟʘʟʦʨʝ ʚʝʣʠʯʠʥʦʡ ʦʪ 0,1 ʤʤ ʜʦ 5 ʤʤ ʤʝʞʜʫ ʥʦʞʘʤʠ 2 ʩ ʫʛʣʦʤ ʟʘʦʩʪʨʝʥʠʷ 33
ƺ
-36
ƺ
 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʦ ʯʝʪʳʨʝ ʥʦʞʘ ʚ ʢʘʞʜʫʶ ʠʟ ʜʚʫʭ ʬʨʝʟ 3 ʠ ʢʦʥʪʨʥʦʞʦʤ 4 ʩ ʫʛʣʦʤ 

ʟʘʦʩʪʨʝʥʠʷ 40
ƺ
- 45

ƺ 
ʟʘ ʩʯʝʪ ʩʠʣ ʨʝʟʘʥʠʷ, ʩʤʷʪʠʷ, ʩʧʣʶʱʠʚʘʥʠʷ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʜʨʝʚʝʩʥʳʝ ʚʦʣʦʢʥʘ ʚʳʭʦʜʷʪ ʠʟ ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ, ʦʥʠ ʧʦʧʘʜʘʶʪ ʚʦ ʚʪʦʨʫʶ ʟʦʥʫ ʨʘʟʤʦʣʘ, 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  27 ð 

 

      

 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʨʦʩʧʫʩʢʦʤ, ʤʷʪʠʝʤ, ʨʘʟʙʠʚʘʥʠʝʤ ʠ ʬʠʙʨʠʣʣʠʨʦʚʘʥʠʝʤ ʜʨʝʚʝʩʥʳʭ 

ʚʦʣʦʢʦʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʥʦʞʘʤʠ ʨʦʪʦʨʘ 2 ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʝʧʘʨʘʪʦʨʦʚ 5 [8]. 

ɼʨʝʚʝʩʥʦʝ ʚʦʣʦʢʥʦ, ʠʤʝʶʱʝʝ ʪʨʝʙʫʝʤʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʦʪʚʝʨʩʪʠʷ ʩʝʧʘʨʘʪʦʨʦʚ 5 ʠ ʧʦʧʘʜʘʝʪ ʚ ʦʪʩʝʢ ʤʝʞʜʫ ʜʚʫʭ ʦʪʢʨʳʚʘʶʱʠʭʩʷ ʣʶʢʦʚ 6 ʠ 

ʢʨʳʰʢʠ 7. ʇʦʩʣʝ ʥʘʧʦʣʥʝʥʠʷ ʦʪʩʝʢʘ ʣʶʢʠ 6 ʦʪʢʨʳʚʘʶʪʩʷ ʠ ʧʦʣʫʯʝʥʥʳʡ 

ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʳʡ ʧʦʣʫʬʘʙʨʠʢʘʪ ʚʳʛʨʫʞʘʝʪʩʷ. 

 
ʈʠʩ. 1. ʈʦʪʦʨʥʦ-ʥʦʞʝʚʘʷ ʤʝʣʴʥʠʮʘ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʨʦʪʦʨʥʦ-ʥʦʞʝʚʘʷ ʤʝʣʴʥʠʮʘ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʥʘʣʦʛʘʤʠ [11, 13, 15,]: 

½ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʳʡ ʧʦʣʫʬʘʙʨʠʢʘʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʣʝʩʦʩʝʢʠ; 

½ ʧʦʣʫʯʝʥʠʝ ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʦʡ ʤʘʩʩʳ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʯʪʦ 
ʠʩʢʣʶʯʘʝʪ ʙʦʣʴʰʠʝ ʨʘʩʭʦʜʳ ʵʥʝʨʛʠʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʯʪʦ ʫʣʫʯʰʘʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʚʥʝʜʨʝʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʨʦʪʦʨʥʦ-ʥʦʞʝʚʦʡ ʤʝʣʴʥʠʮʳ ʚ ʩʠʩʪʝʤʫ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʩʦʩʝʯʥʳʭ 

ʦʪʭʦʜʦʚ ʩ 10% ʜʦ 80% ʟʘ ʩʯʝʪ ʚʳʧʫʩʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʦʛʦ 

ʧʦʣʫʬʘʙʨʠʢʘʪʘ [10]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ [4], ʚʥʝʜʨʝʥʠʝ ʚ ʩʠʩʪʝʤʫ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʨʦʪʦʨʥʦ-ʥʦʞʝʚʦʡ 

ʤʝʣʴʥʠʮʳ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʣʝʩʦʟʘʛʦʪʦʚʦʢ 

ʧʫʪʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʳʡ ʧʦʣʫʬʘʙʨʠʢʘʪ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʜʝʬʠʮʠʪʘ ʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʠʪʥʦʡ ʧʨʦʜʫʢʮʠʠ.  



ð 28 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʬʦʥʜʘ ʥʘʫʢʠ ʚ 

ʨʘʤʢʘʭ ʢʦʥʢʫʨʩʘ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʘʩʪʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʥʘʫʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʩʪʘʞʠʨʦʚʢʘʭ 2018 ʛʦʜʘ. 

***  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʛʦʣʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠ ʢʘʢ ʪʦʧʣʠʚʦ, ʠ ʢʘʢ 

ʩʳʨʴʝ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʦʣʷ ʫʛʣʷ ʚ ʤʠʨʦʚʦʤ ʪʦʧʣʠʚ- 
ʥʦʤ ʙʘʣʘʥʩʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʢ 2030 ʛ. ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʜʦ 44 %. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʛʦʣʴ ʦʩʪʘʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʣʘʥʝʪʳ. [1]. 
ɺ ʵʪʦʡ ʩʚʷʟʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʚʝʜʫʱʠʭ ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ ʩʪʨʘʥ ʫʞʝ ʩʝʡʯʘʩ 
ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʦʚ ʜʦʙʳʯʠ ʫʛʣʷ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʙʳʯʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  29 ð 

 

      

 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʝʭʘʥʠʟʘʮʠʠ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʠʭ ʢʣʘʩʩʦʚ ʠ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʜʦʙʳʪʦʛʦ ʫʛʣʷ. 

ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʦʙʦʛʘʱʝʥʠʷ ʢʦʢʩʫʶʱʝʛʦʩʷ ʫʛʣʷ 
ʬʣʦʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʛʦ 
ʢʦʥʮʝʥʪʨʘʪʘ, ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʛʦʨʶʯʝʡ ʤʘʩʩʳ ʠ ʩʧʦʩʦʙʦʤ ʩʝʣʝʢʪʠʚʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ 
ʰʣʘʤʦʚʦʡ ʚʦʜʳ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʚʳʰʘʶʪʩʷ ʪʝʭʥʠʢʦ-
ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 
ʦʙʦʛʘʱʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʫʛʣʷ ʩʧʠʨʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʠʟʤʝʥʠʣʠʩʴ 
ʛʨʘʥʠʮʳ ʤʘʰʠʥʥʳʭ ʢʣʘʩʩʦʚ. ʅʘ ʤʝʣʢʫʶ ʦʪʩʘʜʢʫ 3-13 ʤʤ, ʥʘ ʩʧʠʨʘʣʴʥʳʝ ʩʝʧʘʨʘʪʦʨʳ 
0,15-3 ʤʤ ʠ ʥʘ ʧʝʥʥʫʶ ʬʣʦʪʘʮʠʶ -0,2 ʤʤ [2].  

ɺ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠʟʤʝʥʠʣʠʩʴ ʫʩʣʦʚʠʷ ʬʣʦʪʘʮʠʠ ʫʛʣʷ, 
ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʫʩʣʦʚʠʡ ʜʣʷ ʜʝʡʩʪʚʠʷ ʨʝʘʛʝʥʪʦʚ - 
ʫʤʝʥʴʰʠʣʘʩʴ ʢʨʫʧʥʦʩʪʴ ʯʘʩʪʠʮ ʠ ʩʦʜʝʨʞʘʥʠʝ ʪʚʝʨʜʦʛʦ ʚ ʧʫʣʴʧʝ. ʇʦʵʪʦʤʫ ʩ ʮʝʣʴʶ 
ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʬʣʦʪʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʥʦʚʳʡ 
ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ  ʨʝʘʛʝʥʪʦʚ ʠ ʨʝʘʛʝʥʪʥʦʛʦ ʨʝʞʠʤʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʣʦʪʘʮʠʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʘʧʦʣʷʨʥʳʭ ʨʝʘʛʝʥʪʦʚ ʦʩʥʦʚʘʥʦ [3] ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʨʠʣʠʧʘʥʠʷ 
ʧʫʟʳʨʴʢʘ ʚʦʟʜʫʭʘ ʢ ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʠ ʧʨʦʯʥʦʩʪʠ 
ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʯʘʩʪʠʮʝ ʧʫʟʳʨʴʢʘ ʚʦʟʜʫʭʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʩʝʣ (ʆʄʄ) ʚ ʩʦʩʪʘʚʝ ʘʧʦʣʷʨʥʦʛʦ 
ʩʦʙʠʨʘʪʝʣʷ ʜʣʷ ʬʣʦʪʘʮʠʠ ʫʛʦʣʴʥʳʭ ʰʣʘʤʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʙʠʨʘʪʝʣʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 
50 % ʆʄʄ ʥʝ ʫʩʪʫʧʘʝʪ ʧʦ ʬʣʦʪʦʘʢʪʠʚʥʦʩʪʠ ʩʦʙʠʨʘʪʝʣʶ ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʢʝʨʦʩʠʥʦ-
ʛʘʟʦʡʣʝʚʳʭ ʬʨʘʢʮʠʡ ʧʨʠ ʫʩʣʦʚʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʫʣʴʧʳ ʧʝʨʝʜ ʬʣʦʪʘʮʠʝʡ 
ʤʝʪʦʜʦʤ ʤʘʩʣʷʥʦʡ ʘʵʨʦʘʛʣʦʤʝʨʘʮʠʠ ʠ ʚʚʝʜʝʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʇɸɺ.[13] 

ʇʨʠ ʬʣʦʪʘʮʠʠ ʪʦʥʢʠʭ ʰʣʘʤʦʚ ʜʝʡʩʪʚʠʝ ʘʧʦʣʷʨʥʳʭ ʨʝʘʛʝʥʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ, ʚ 
ʦʩʥʦʚʥʦʤ, ʚ ʩʝʣʝʢʪʠʚʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʧʫʣʴʧʝ ʘʛʨʝʛʘʪʦʚ ʠʟ ʪʦʥʢʠʭ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ ʟʘ 
ʩʯʝʪ ʛʠʜʨʦʬʦʙʥʦʡ ʬʣʦʢʫʣʷʮʠʠ [3-7], ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʚʣʝʯʝʥʠʝʤ ʚ ʧʝʥʥʳʡ ʩʣʦʡ. 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʢʨʫʧʥʦʩʪʠ ʬʣʦʪʠʨʫʝʤʳʭ ʯʘʩʪʠʮ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ 
ʧʨʦʯʥʦʩʪʠ ʢʦʥʪʘʢʪʘ, ʥʘʦʙʦʨʦʪ, ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʨʝʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʢ 
ʩʝʣʝʢʪʠʚʥʦʡ ʘʜʩʦʨʙʮʠʠ, ʦʙʣʘʜʘʶʪ ʛʝʪʝʨʦʧʦʣʷʨʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘ ʩʯʝʪ 
ʩʚʦʝʛʦ ʛʠʜʨʦʬʦʙʥʦʛʦ ʨʘʜʠʢʘʣʘ ʫʤʝʥʴʰʝʥʠʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʬʣʦʪʘʮʠʠ ʫʛʣʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʤʝʩʠ 
ʩʧʠʨʪʦʚ ʉ6 ï ʉ10 ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʧʠʨʪʳ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ 
ʚʩʧʝʥʠʚʘʪʝʣʷ ʠ ʩʦʙʠʨʘʪʝʣʷ. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʪʘʢʠʭ ʩʤʝʩʝʡ ʧʨʠʤʝʥʷʶʪ ʦʢʠʩʠ ʦʣʝʬʠʥʦʚ [7, 
8]. 

ɺʩʧʝʥʠʚʘʪʝʣʴ ʆʇʉɹ - ʨʝʘʛʝʥʪ, ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʦʢʠʩʠ ʧʨʦʧʠʣʝʥʘ ʩ ʙʫʪʘʥʦʣʦʤ 
ʧʨʠʤʝʥʷʝʤʳʡ ʧʨʠ ʬʣʦʪʘʮʠʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ, ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʙʫʪʠʣʦʚʳʭ 
ʵʬʠʨʦʚ ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʩʚʦʙʦʜʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʠ 
ʧʨʦʩʪʳʝ ʵʬʠʨʥʳʝ ʩʚʷʟʠ. ʋʢʘʟʘʥʥʳʝ ʵʬʠʨʳ ʩʧʦʩʦʙʥʳ ʚ ʚʦʜʝ ʠ ʫʛʣʝʚʦʜʦʨʦʜʘʭ 
ʦʙʨʘʟʦʚʳʚʘʪʴ ʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʜʚʠʞʥʳʤ ʛʠʜʨʦʢʩʠʣʦʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʫʯʘʩʪʚʦʚʘʪʴ ʢʘʢ ʚ ʜʦʥʦʨʥʦʤ, ʪʘʢ ʠ ʘʢʮʝʧʪʦʨʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ 
ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ ʚʦʟʜʫʰʥʦʛʦ ʧʫʟʳʨʴʢʘ, ʯʪʦ ʠ ʷʚʠʣʦʩʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʆʇʉɹ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ ʧʨʠ ʬʣʦʪʘʮʠʠ ʫʛʣʷ. ɹʳʣʘ ʠʩʧʳʪʘʥʘ ʣʝʛʢʘʷ 
ʬʨʘʢʮʠʷ (n=1), ʩʨʝʜʥʷʷ ʬʨʘʢʮʠʷ (n=4) ʠ ʢʫʙʦʚʳʡ ʦʩʪʘʪʦʢ ʪʦʚʘʨʥʦʛʦ ʆʇʉɹ  

ʀʟ ʪʝʦʨʠʠ ʤʠʢʨʦʬʣʦʪʘʮʠʠ [2] ʨʘʟʚʠʪʦʡ ɼʝʨʷʛʠʥʳʤ ɹ.ɺ., ɼʫʭʠʥʳʤ ʉ.ʉ ʠ 
ʈʫʣʝʚʳʤ ʅ.ʅ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʚʙʣʠʟʠ 
ʛʠʜʨʦʬʠʣʴʥʦʡ, ʥʦ ʠ ʚʙʣʠʟʠ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ [2,9] 
ʛʦʚʦʨʷʪ ʦ çʛʠʜʨʦʬʦʙʥʦʡ ʛʠʜʨʘʪʘʮʠʠè, ʧʨʠʚʦʜʷʱʝʡ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʩʠʣʘʤ ʧʨʠʪʷʞʝʥʠʷ 
ʛʠʜʨʦʬʦʙʥʳʭ ʠʣʠ ʛʠʜʨʦʬʦʙʠʟʦʚʘʥʥʳʭ ʯʘʩʪʠʮ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʬʣʦʪʘʮʠʦʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʤʝʩʷʤʠ 
ʩʧʠʨʪʦʚ, ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʦʡ ʛʠʜʨʦʬʠʣʴʥʦ-
ʛʠʜʨʦʬʦʙʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʜʝʨʞʠʚʘʥʠʷ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʝ ʩʨʝʜʥʝʡ 
ʧʦʣʷʨʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʆʇʉɹ ʠ ʨʷʜʘ 
ʬʣʦʪʘʮʠʦʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 2 ï ʵʪʠʣʛʝʢʩʘʥʦʣʫ, ʢʦʪʦʨʳʡ ʫʩʣʦʚʥʦ ʧʨʠʥʷʪ 
ʟʘ ʩʪʘʥʜʘʨʪ. ʆʇʉɹ - ʧʨʦʜʫʢʪ ʢʦʥʜʝʥʩʘʮʠʠ ʦʢʠʩʠ ʧʨʦʧʠʣʝʥʘ ʠ ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 



ð 30 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʀʩʧʦʣʴʟʫʷ ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ɻɾʍ ʠ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʆʇʉɹ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʘʨʙʦʢʦʣʘ ʚʭʦʜʷʪ 
ʧʨʦʩʪʳʝ ʤʦʥʦʵʬʠʨʳ ʧʨʦʧʠʣʝʥ - ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʝʡ. ɼʦʣʷ ʆʅ ʛʨʫʧʧ ʚ ʫʩʣʦʚʥʦʤ 
ʛʠʜʨʦʬʦʙʥʦ-ʛʠʜʨʦʬʠʣʴʥʦʤ ʙʘʣʘʥʩʝ (ɻɻɹ) ʆʇʉɹ ʩʦʩʪʘʚʣʷʝʪ 20 · 40 %, ʩʣʦʞʥʦ ʵʬʠʨʥʳʝ 
ʛʨʫʧʧʳ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʀʩʩʣʝʜʦʚʘʥʘ ʬʣʦʪʘʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʦʚʘʨʥʦʛʦ ʆʇʉɹ ʠ ʝʛʦ ʬʨʘʢʮʠʡ: ʧ=1 
ʣʝʛʢʘʷ ʬʨʘʢʮʠʷ, ʧ=4 ʩʨʝʜʥʷʷ ʬʨʘʢʮʠʷ ʠ ʢʫʙʦʚʳʡ ʦʩʪʘʪʦʢ. ʏʝʤ ʣʝʛʯʝ ʬʨʘʢʮʠʷ, ʪʝʤ 
ʛʠʜʨʦʬʠʣʴʥʝʝ ʬʨʘʢʮʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʬʨʘʢʮʠʠ ʚʝʜʝʪ ʢ 
ʫʤʝʥʴʰʝʥʠʶ ɻɻɹ. ɺʝʣʠʯʠʥʘ ɻɻɹ ʪʦʚʘʨʥʦʛʦ ʆʇʉɹ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʨʘʢʮʠʦʥʥʳʤ 
ʩʦʩʪʘʚʦʤ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʠʪ ʜʝʡʩʪʚʠʝ ʧʨʠ ʬʣʦʪʘʮʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʝʩʧʝʥʥʦʡ ʬʣʦʪʘʮʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʦʣʴʢʦ 
ʬʨʘʢʮʠʡ ʆʇʉɹ; ʦʮʝʥʠʚʘʣʠʩʴ ʩʦʙʠʨʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʘʛʝʥʪʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʬʣʦʪʘʮʠʠ, ʧʨʦʚʦʜʠʤʦʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʟʦʡʣʷ, ʂʆɹʉ, ʧʨʦʜʫʢʪʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʆʇʉɹ 
(ʣʝʛʢʘʷ, ʩʨʝʜʥʷʷ, ʪʷʞʝʣʘʷ ʬʨʘʢʮʠʠ) ʦʧʨʝʜʝʣʝʥʳ ʩʦʙʠʨʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʘʛʝʥʪʦʚ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʨʝʘʛʝʥʪʳ ʦʙʣʘʜʘʶʪ ʩʦʙʠʨʘʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʦʣʝʝ ʚʳʩʦʢʠʝ 
ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʬʣʦʪʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʤʦʜʠʬʠʢʘʮʠʠ 
ʢʦʣʠʯʝʩʪʚʦʤ ʆʅ ʛʨʫʧʧ (20-50 %) ʚ ʛʠʜʨʦʬʠʣʴʥʦ-ʛʠʜʨʦʬʦʙʥʦʤ ʙʘʣʘʥʩʝ (ɻɻɹ). 

ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʬʣʦʪʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʚ 
ʬʣʦʪʘʮʠʦʥʥʦʡ ʤʘʰʠʥʝ ʌʃ-1 ʩ ʢʘʤʝʨʦʡ ʝʤʢʦʩʪʴʶ ʦʜʠʥ ʣʠʪʨ, ʈʝʘʛʝʥʪʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʦʟʠʨʦʚʘʣʠʩʴ ʚ ʢʘʤʝʨʫ, ʧʦʩʣʝ ʘʛʠʪʘʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʬʣʦʪʘʮʠʷ ʜʦ 
ʧʨʝʢʨʘʱʝʥʠʷ ʧʨʦʮʝʩʩʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʨʝʘʛʝʥʪʦʚ ʧʨʠʤʝʥʷʣʩʷ ʘʧʦʣʷʨʥʳʡ ʩʦʙʠʨʘʪʝʣʴ ʛʘʟʦʡʣʴ (ʊʋ-
38.301-19-31-91), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʘʟʦʡʣʴ ʣʝʛʢʠʡ ʢʘʪʘʣʠʪʠʯʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʠ 
ʢʦʢʩʦʚʘʥʠʷ, ʷʚʣʷʶʱʠʡʩʷ ʩʤʝʩʴʶ ʛʘʟʦʡʣʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʠ ʢʦʢʩʦʚʘʥʠʷ ʚ 
ʣʶʙʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʠ ʛʘʟʦʡʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʙʝʥʟʠʥʦʚ (ʬʨʘʢʮʠʠ 
ʚʳʩʰʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ) ʜʦ 50% ï ʠ ʛʝʪʝʨʦʧʦʣʷʨʥʳʡ ʨʝʛʝʥʪ - ʢʫʙʦʚʳʝ 
ʦʩʪʘʪʢʠ ʙʫʪʠʣʦʚʳʭ ʩʧʠʨʪʦʚ - ʂʆɹʉ (ʊʋ-38-2-15-67). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʨʝʘʛʝʥʪʦʚ (ʪʝʨʤʦʛʘʟʦʡʣʴ ʠ ʂʆɹʉ) ʚ 
ʫʩʣʦʚʠʷʭ ʧʝʥʥʦʡ ʬʣʦʪʘʮʠʠ ʧʨʠʤʝʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ɹʦʢʩʘ-ʋʠʣʩʦʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʬʣʦʪʘʮʠʠ ʧʦ ʚʣʠʷʥʠʶ ʆʇʉɹ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤ 
ʦʧʪʠʤʘʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʪʝʨʤʦʛʘʟʦʡʣʷ ʠ ʂʆɹʉ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʬʣʦʪʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
ʪʝʨʤʦʛʘʟʦʡʣʷ, ʂʆɹʉ ʠ ʧʨʦʜʫʢʪʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʆʇʉɹ ʧʨʠ ʨʘʩʭʦʜʝ ʦʪ 100 ʜʦ 200 ʛ/ʪ ʚ 
ʩʦʯʝʪʘʥʠʠ ʩ ʛʘʟʦʡʣʝʤ ʧʨʠ ʨʘʩʭʦʜʝ 2000 ʛ/ʪ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ:  

¶ ʋʩʪʘʥʦʚʣʝʥʘ ʬʣʦʪʘʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʦʚʘʨʥʦʛʦ ʆʇʉɹ ʠ ʝʛʦ ʬʨʘʢʮʠʡ: 
ʧ=1 ʣʝʛʢʘʷ ʬʨʘʢʮʠʷ, ʧ=4 ʩʨʝʜʥʷʷ ʬʨʘʢʮʠʷ ʠ ʢʫʙʦʚʳʡ ʦʩʪʘʪʦʢ.  

¶ ʬʣʦʪʘʮʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʟʦʡʣʷ ʠ ʧʨʦʜʫʢʪʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʆʇʉɹ 
ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʨʝʘʛʝʥʪʦʚ, ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ 
ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʟʦʣʴʥʦʩʪʴ ʦʪʭʦʜʦʚ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʟʦʣʴʥʦʩʪʠ 
ʢʦʥʮʝʥʪʨʘʪʘ. 

¶ ʧʨʠʤʝʥʝʥʠʝ ʩʤʝʩʠ ʬʨʘʢʮʠʡ ʆʇʉɹ (ʪʦʚʘʨʥʳʡ ʆʇʉɹ) ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʫʣʫʯʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʭʦʜʘ 
ʨʝʘʛʝʥʪʘ. 

¶ ʧʨʠʤʝʥʝʥʠʝ ʆʇʉɹ ʢʘʢ ʨʝʘʛʝʥʪʘ ʜʣʷ ʬʣʦʪʘʮʠʠ ʫʛʣʷ ʦʩʥʦʚʘʥʦ ʥʘ 
ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʘ ʩ ʟʘʜʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʆʅ ʚ ɻɻɹ ʚ 
ʠʥʪʝʨʚʘʣʝ 20-50 % , ʯʪʦ ʜʝʣʘʝʪ ʦʙʦʩʥʦʚʘʥʥʳʤ ʩʦʟʜʘʥʠʝ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʘʛʝʥʪʘ ʩ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ɻɻɹ  ʩ ʫʯʝʪʦʤ 
ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʷ. 

¶ ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 
ʧʨʦʜʫʢʪʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʆʅ (20-50 %) ʚ 
ʛʠʜʨʦʬʠʣʴʥʦ-ʛʠʜʨʦʬʦʙʥʦʤ ʙʘʣʘʥʩʝ (ɻɻɹ) ʚ ʢʘʯʝʩʪʚʝ ʬʣʦʪʘʮʠʦʥʥʳʭ 
ʨʝʘʛʝʥʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ʬʣʦʪʘʮʠʠ ʪʦʥʢʠʭ ʫʛʦʣʴʥʳʭ ʰʣʘʤʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʆʇʉɹ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʨʝʘʛʝʥʪʥʳʤ ʨʝʞʠʤʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʧʨʠʤʝʥʝʥʠʝ ʛʘʟʦʡʣʷ ʠ 
ʂʆɹʉ.  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  31 ð 

 

      

 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 
ʩʦʙʠʨʘʪʝʣʷ ʦʪʨʘʞʝʥʦ ʚ ʧʘʪʝʥʪʝ [12]. ʂʦʤʧʣʝʢʩʥʳʡ ʨʝʘʛʝʥʪ-ʩʦʙʠʨʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʥʫʶ ʩʤʝʩʴ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʨʦʠʟʚʝʜʝʥʥʫʶ ʥʘ ʦʩʥʦʚʝ 
ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʩʝʣ, ʢʝʨʦʩʠʥʦ-ʛʘʟʦʡʣʝʚʳʭ ʬʨʘʢʮʠʡ ʠ ʘʢʪʠʚʠʨʫʶʱʠʭ 
ʜʦʙʘʚʦʢ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʟʦʨ ʧʨʠʯʠʥ ʫʪʝʯʝʢ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʦʥʠʤʘʥʠʝ ʧʨʠʯʠʥ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʠʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʠʡ 

ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʪʝʯʢʘ, ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʴʟʦʚʘʪʝʣʴ, ʙʘʟʳ ʜʘʥʥʳʭ 

 

Abstract 

The article is an overview of the causes of user data leaks. Understanding the causes of 

information leakage allows users to maintain a higher level of security of their own information. 

Keywords: information leakage, user, database 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʯʪʠ ʣʶʙʦʡ ʯʝʣʦʚʝʢ ʷʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠʣʠ ʧʨʦʜʫʢʪʦʚ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʞʠʟʥʴ ʥʳʥʝʰʥʝʛʦ ʯʝʣʦʚʝʢʘ 

ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʘ ʩ IT ʪʝʭʥʦʣʦʛʠʷʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʴʟʦʚʘʪʝʣʠ ʦʩʪʘʚʣʷʶʪ ʩʚʦʠ ʨʘʟʣʠʯʥʳʝ ʜʘʥʥʳʝ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ.  



ð 32 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅʘʧʨʠʤʝʨ, ʥʠʞʝ ʚʳ ʤʦʞʝʪʝ ʫʚʠʜʝʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʣʝʡ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʢʣʫʙʥʦʡ ʢʘʨʪʳ ʛʠʧʝʨʤʘʨʢʝʪʘ: 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨ ʬʦʨʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʜʣʷ ʢʣʫʙʥʦʡ ʢʘʨʪʳ 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ ʚʳʰʝ, ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʳʯʥʦʡ ʢʘʨʪʳ ʛʠʧʝʨʤʘʨʢʝʪʘ ʯʝʣʦʚʝʢʫ 

ʪʨʝʙʫʝʪʩʷ ʚʚʝʩʪʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʜʘʥʥʳʭ. ʇʨʠʯʸʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʂ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʜʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ; ʘʜʨʝʩ; 

ʜʘʪʘ ʨʦʞʜʝʥʠʷ; ʠʥʬʦʨʤʘʮʠʷ ʦ ʣʠʯʥʦʤ ʘʚʪʦʤʦʙʠʣʝ. 

ʀʟ ʜʘʥʥʳʭ ʨʘʟʣʠʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʬʦʨʤʠʨʫʶʪʩʷ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʭʨʘʥʷʪʩʷ 

ʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ, ʪʘʢʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʩʪʘʚʣʷʪʴ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ.  

ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʙʘʟ ʜʘʥʥʳʭ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʩʧʦʩʦʙʥʳ ʥʘʚʨʝʜʠʪʴ ʩʘʤʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠʥʝʩʪʠ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʝʛʦ 

ʙʣʠʞʘʡʰʝʤʫ ʦʢʨʫʞʝʥʠʶ.  

ʆʯʝʥʴ ʯʘʩʪʦ ʪʘʢʠʤʠ ʘʨʭʠʚʘʤʠ ʙʘʟ ʜʘʥʥʳʭ ʪʦʨʛʫʶʪ, ʧʨʠʯʝʤ ʩʣʫʯʘʶʪʩʷ ʩʠʪʫʘʮʠʠ, 

ʢʦʛʜʘ ʪʦʨʛʫʶʪ ʠʤʠ ʩʘʤʠ ʩʦʪʨʫʜʥʠʢʠ ʦʧʝʨʘʪʦʨʘ, ʟʘʥʠʤʘʶʱʝʛʦʩʷ ʦʙʨʘʙʦʪʢʦʡ. ʊʘʢʞʝ, ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʘʱʠʪʘ ʦʧʝʨʘʪʦʨʘ ʥʝʜʦʩʪʘʪʦʯʥʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʚʟʣʦʤʘʪʴ ʩʠʩʪʝʤʫ ʠ 

ʠʟ ʥʝʸ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ 

ʩʫʱʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʧʨʠʚʝʜʸʤ ʩʪʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 2016 ʛʦʜʘ: 

 
ʈʠʩʫʥʦʢ 2. ʉʪʘʪʠʩʪʠʢʘ ʫʪʝʯʢʠ ʜʘʥʥʳʭ ʧʦ ʦʪʨʘʩʣʷʤ ʟʘ 2016 ʛʦʜ 

  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  33 ð 

 

      

 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʧʦʯʪʠ ʚʩʝ ʦʪʨʘʩʣʠ ʧʦʜʚʝʨʞʝʥʳ ʫʪʝʯʢʘʤ ʠʥʬʦʨʤʘʮʠʠ.  

ɺʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʫʪʝʯʝʢ ʠʥʬʦʨʤʘʮʠʠ: ʦʪʩʫʪʩʪʚʠʝ ʟʘʱʠʪʳ ʫ ʦʧʝʨʘʪʦʨʘ; 

ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ ʩʘʤʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; ʦʪʩʫʪʩʪʚʠʝ ʯʸʪʢʦʡ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʨʦʚʝʨʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ; ʫʪʝʯʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʦʤʢʦʡ ʠʣʠ ʚʳʭʦʜʦʤ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʟʘʱʠʪʫ ʩʚʦʠʭ ʜʘʥʥʳʭ 

ʦʪ ʫʪʝʯʝʢ, ʥʝʩʸʪ ʥʝ ʪʦʣʴʢʦ ʦʧʝʨʘʪʦʨ, ʥʦ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɺʝʜʴ ʠʤʝʥʥʦ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʦʧʨʝʜʝʣʷʝʪ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʣʠ ʜʘʥʥʳʝ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʦʧʝʨʘʪʦʨʫ. ʈʝʟʶʤʠʨʫʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʥʠʤʘʪʴ, ʯʪʦ ʫʪʝʯʢʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʦʧʘʩʥʳʭ ʫʛʨʦʟ ʚ 

ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʡʩʪʚʠʷ ʦʪʜʝʣʴʥʳʭ ʣʠʮ, ʢʦʪʦʨʳʤ ʫʜʘʣʦʩʴ 

ʟʘʧʦʣʫʯʠʪʴ ʣʝʛʠʪʠʤʥʳʝ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʫ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʥʘʨʫʰʝʥʠʶ ʝʝ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ʊʘʢʠʝ ʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʧʨʝʜʥʘʤʝʨʝʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʘʙʦʪʘʞ ʠ ʧʨʦʤʳʰʣʝʥʥʳʡ ʰʧʠʦʥʘʞ, ʘ ʪʘʢʞʝ ʩʣʫʯʘʡʥʳʝ ï 

ʪʘʢʠʝ, ʢʘʢ ʭʘʣʘʪʥʦʩʪʴ ʠ ʥʝʟʥʘʥʠʝ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʦʙʳʯʥʳʤ ʩʧʦʩʦʙʘʤ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʘʱʠʪʘ, ʠʥʬʦʨʤʘʮʠʷ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

 

Abstract 

This article discusses the features of the use of modern technologies for information 

protection activities, the features imply changes prior to the usual methods of protecting 

information without using modern technologies. 

Keywords: information security, protection, information, modern technologies 

 

ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ - ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ 

ʠʥʬʦʨʤʘʮʠʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʘʢʪʠʚʥʦ ʫʧʦʪʨʝʙʣʷʝʪʩʷ, ʧʨʠʯʠʥʦʡ ʵʪʦʤʫ 

ʧʦʚʳʰʘʶʱʠʡʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʠʥʪʝʨʝʩ ʢ ʦʙʣʘʩʪʠ IT. ɺ ʤʠʨʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʴʰʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʩʸ ʙʦʣʴʰʫʶ ʚʘʞʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʷ ʠʛʨʘʝʪ ʜʣʷ ʣʶʜʝʡ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʠʥʪʝʨʝʩ ʢ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʅʘʧʨʠʤʝʨ, 

ʜʦ ʧʦʚʩʝʤʝʩʪʥʦʡ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ, ʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʠ ʭʨʘʥʠʣʦʩʴ ʥʘ ʙʫʤʘʞʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ, ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ 

ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʬʠʟʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʞʝ ʜʝʥʴ ʠʥʬʦʨʤʘʮʠʷ 

ʭʨʘʥʠʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʠ ʥʫʞʜʘʝʪʩʷ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ ʠ ʧʦ ʙʦʣʴʰʝʤʫ 

ʯʠʩʣʫ ʥʘʧʨʘʚʣʝʥʠʡ ʟʘʱʠʪʳ.  



ð 34 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʧʝʨʘʮʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʤ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʩ ʥʝʡ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʦʧʝʨʘʮʠʡ. ʅʘ ʨʠʩʫʥʢʝ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ: 

 
ʈʠʩʫʥʦʢ 1.ʉʭʝʤʘ - ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʩʝ ʪʨʠ ʧʨʦʮʝʩʩʘ ʠʛʨʘʶʪ ʦʛʨʦʤʥʫʶ 

ʨʦʣʴ. ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʚʣʠʷʥʠʝ ʥʘ ʥʠʭ ʧʨʦʮʝʩʩʘ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

1. ʍʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ - ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʣʶʙʘʷ ʟʘʧʠʩʴ 

ʥʘ ʩʪʠʢʝʨʝ - ʙʫʜʝʪ ʧʨʦʮʝʩʩʦʤ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʞʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʟʘʧʠʩʴ ʬʘʡʣʘ 

ʥʘ ʬʣʝʰ-ʥʘʢʦʧʠʪʝʣʴ ʠʣʠ ʜʠʩʢ. ɹʝʟ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʥʝ ʩʤʦʞʝʪ 

ʨʘʟʚʠʚʘʪʴʩʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʭʨʘʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ 

ʚʘʞʥʦ, ʯʪʦʙʳ ʝʸ ʥʝ ʠʟʤʝʥʠʣʠ ʠ ʥʝ ʫʜʘʣʠʣʠ. ɽʩʣʠ ʠʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ, ʪʦ ʚʘʞʥʦ, ʯʪʦʙʳ ʦʥʘ ʥʝ ʩʪʘʣʘ ʠʟʚʝʩʪʥʘ ʪʨʝʪʴʠʤ ʣʠʮʘʤ. 

2. ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ - ʵʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ 

ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʨʫʛʦʤʫ ʠʣʠ ʜʨʫʛʠʤ. ʅʘʧʨʠʤʝʨ, 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʡ ʩʪʠʢʝʨ ʧʝʨʝʜʘʸʪʩʷ ʜʨʫʛʦʤʫ ʯʝʣʦʚʝʢʫ, ʠ ʦʥ ʩʯʠʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʩ 

ʥʝʛʦ, ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʬʣʝʰ-ʥʘʢʦʧʠʪʝʣʝʤ ʠ ʜʠʩʢʦʤ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʸʪʩʷ ʠʤʝʥʥʦ ʪʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ, 

ʢʦʪʦʨʦʤʫ ʝʸ ʭʦʯʝʪ ʧʝʨʝʜʘʪʴ ʚʣʘʜʝʣʝʮ.  

3. ʆʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ - ʣʶʙʳʝ ʦʧʝʨʘʮʠʠ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚʘʞʥʳʤ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ 

ʜʣʷ ʚʣʘʜʝʣʴʮʘ ʠʥʬʦʨʤʘʮʠʠ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʨʝʟʫʣʴʪʘʪ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʩʧʝʨʝʙʦʡʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʞʝ, ʝʩʣʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ: 

½ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʟʘʱʠʪʳ; 

½ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʟʘʪʨʘʪʥʳʤ ʠ ʸʤʢʠʤ ʧʨʦʮʝʩʩʦʤ; 

½ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʛʝʥʝʨʘʪʦʨ ʧʦʤʝʭ; 

½ ʞʝʣʘʪʝʣʴʥʦʩʪʴ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ; 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  35 ð 

 

      

 

½ ʢʦʤʧʣʝʢʩʥʦʩʪʴ; 

½ ʩʠʩʪʝʤʥʦʩʪʴ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ USB ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠʭ 

ʥʘʟʥʘʯʝʥʠʷ, ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʧʨʝʜʝʣʠʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ USB ʫʩʪʨʦʡʩʪʚ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʦʪʟʳʚʦʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, USB, ʠʜʝʥʪʠʬʠʢʘʪʦʨ, 

ʫʩʪʨʦʡʩʪʚʦ 

 

Abstract 

This article will discuss the user's USB identifiers, their purpose, advantages and 

disadvantages. It is possible to determine the advantages and disadvantages of using USB 

devices based on feedback from their use. 

Keywords: information security, USB, identifier, device 

 

ɿʘʱʠʪʠʪʴ ʩʚʦʠ ʜʘʥʥʳʝ ʩʪʨʝʤʠʪʴʩʷ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʟʘʥʠʤʘʝʪ ʟʥʘʯʠʤʦʝ ʤʝʩʪʦ. ʏʘʱʝ 

ʚʩʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʪʘʨʘʶʪʩʷ ʟʘʱʠʱʘʪʴ ʩʚʦʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ, ʧʦʵʪʦʤʫ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʥʠʭ ʩʚʦʜʠʪʩʷ ʢ ʟʘʱʠʪʝ ʢʦʤʧʴʶʪʝʨʘ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʦʙʝʩʧʝʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʨʷʜʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʩʚʦʜʷʪʩʷ, ʧʦ ʩʫʪʠ, ʢ ʨʘʟʛʨʘʥʠʯʝʥʠʶ ʧʨʘʚ. ʊʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʦʟʜʘʸʪ ʜʚʝ ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ, 

ʦʜʥʫ ʜʣʷ ʩʝʙʷ ʠ ʩʚʦʝʡ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʜʨʫʛʫʶ ʜʣʷ ʛʦʩʪʝʡ. ʉʚʦʶ ʫʯʝʪʥʫʶ 

ʟʘʧʠʩʴ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʱʠʱʘʝʪ ʩ ʧʦʤʦʱʴʶ ʧʘʨʦʣʷ, ʛʦʩʪʝʚʫʶ ʦʩʪʘʚʣʷʝʪ ʙʝʟ ʟʘʱʠʪʳ.  

ʉ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ, ʦʙʳʯʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʤʠʤʦ ʧʘʨʦʣʴʥʦʡ ʟʘʱʠʪʳ ʥʘʯʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʭʬʘʢʪʦʨʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʯʝʪʥʘʷ ʟʘʧʠʩʴ ʠʣʠ 

ʢʘʢʠʝ ʣʠʙʦ ʜʘʥʥʳʝ ʟʘʱʠʱʝʥʳ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ ʟʘʱʠʪʳ, ʦʜʠʥ ʠʟ ʥʠʭ, ʜʦʧʫʩʪʠʤ, ʣʦʛʠʥ-

ʧʘʨʦʣʴ, ʘ ʚʪʦʨʦʡ ʢʦʜ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʠʣʠ ʢʘʢʦʡ ʣʠʙʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʝʜʲʷʚʣʷʝʤʳʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʨʦʣʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ: 

½ ʬʣʝʰ-ʥʦʩʠʪʝʣʴ; 

½ CD ʠʣʠ DVD ʜʠʩʢ; 

½ ʜʠʩʢʝʪʘ; 

½ Etoken; 

½ smart ʢʘʨʪʘ; 

½ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ; 

½ ʫʤʥʳʝ ʯʘʩʳ; 



ð 36 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

½ rfid ʤʝʪʢʘ.  

ʇʨʠʤʝʨ ʥʝʢʦʪʦʨʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ: 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨ eToken 

 

 
ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨ ʈʫʪʦʢʝʥ ʕʎʇ 

ʈʘʟʦʙʨʘʚʰʠʩʴ ʩ ʩʘʤʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʨʘʩʩʤʦʪʨʠʤ ʥʝʜʦʩʪʘʪʢʠ ʠ 

ʜʦʩʪʦʠʥʩʪʚʘ ʢʦʥʢʨʝʪʥʦ USB ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

½ usb ʧʦʨʪ ʷʚʣʷʝʢʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʠ ʝʩʪʴ ʧʦʯʪʠ ʥʘ ʢʘʞʜʦʤ ʢʦʤʧʴʶʪʝʨʝ; 

½ ʥʠʟʢʘʷ ʮʝʥʘ; 

½ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

½ ʫʜʦʙʩʪʚʦ ʭʨʘʥʝʥʠʷ; 

½ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʫʶ ʬʣʝʰʢʫ; 

½ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ. 

ʅʝʜʦʩʪʘʪʢʦʚ ʫ USB ʫʩʪʨʦʡʩʪʚ ʧʦʯʪʠ ʥʝʪ, ʢʨʦʤʝ ʩʣʫʯʘʷ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʘʨʘʥʝʝ ʧʦʚʨʝʞʜʸʥʥʘʷ ʬʣʝʰʢʘ, ʪʘʢʞʝ ʚʪʦʨʳʤ 

ʤʠʥʫʩʦʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʚʠʨʫʩʘ ʩ ʪʘʢʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. 

***  

1. Geektimes / [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://geektimes.ru 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʠʧʦʚʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. ɺ ʧʨʦʮʝʩʩʝ 

ʥʘʧʠʩʘʥʠʷ ʩʪʘʪʴʠ ʙʫʜʫʪ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʪʠʧʦʚʦʤ ʧʨʝʜʧʨʠʷʪʠʷ  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʦʤʝʥʜʘʮʠʠ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʱʠʪʳ, 

ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

 

Abstract 

This article discusses the development of standard recommendations. In the process of 

writing this article, recommendations will be formulated on various areas of information 

protection in a typical enterprise. 

Keywords: recommendations, protection of information, directions of protection, 

technical aspects 

 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʘʞʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡʩʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʆʪʤʝʪʠʤ, ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʥʘ, 

ʦʩʥʦʚʘʥʘ ʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʘʭ, ʘ ʪʘʢʞʝ ʜʦʣʞʥʘ ʵʬʬʝʢʪʠʚʥʦ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦ 

ʨʘʙʦʪʘʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʪʠʧʦʚʳʭ ʧʨʠʤʝʨʦʚ ʨʝʢʦʤʝʥʜʘʮʠʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʦ ʜʚʫʤ 

ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

½ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ; 

½ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʜ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʨʝʛʣʘʤʝʥʪʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʘ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʦʩʥʦʚʝ, ʠʩʢʣʶʯʘʶʱʝʡ ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʶʱʝʡ 

ʥʝʧʨʘʚʦʤʝʨʥʦʝ ʦʚʣʘʜʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʧʨʦʷʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʠ 

ʚʥʝʰʥʠʭ ʫʛʨʦʟ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪʤʝʪʠʤ ʩʣʝʜʫʶʱʝʝ: 

½ ʥʝʦʙʭʦʜʠʤʦ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ 

ʘʢʪʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢ ʢʘʢ ʦʙʳʯʥʦ ʪʘʢʠʝ ʘʢʪʳ ʣʠʙʦ 

ʫʩʪʘʨʝʣʠ, ʣʠʙʦ ʥʫʞʜʘʶʪʩʷ ʚ ʜʦʨʘʙʦʪʢʝ. ʀʟ-ʟʘ ʵʪʦʛʦ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʫʷʟʚʠʤʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ. ɹʝʟʫʩʣʦʚʥʦ, ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʣʦʢʘʣʴʥʳʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʦʜʥʘʢʦ, ʙʣʘʛʦʜʘʨʷ ʜʘʥʥʦʤʫ ʰʘʛʫ ʦʙʱʠʡ ʫʨʦʚʝʥʴ 

ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʦʚʳʰʘʝʪʩʷ. ʊʘʢʞʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ ʣʦʢʘʣʴʥʳʝ ʘʢʪʳ ʥʝ ʪʦʣʴʢʦ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ, ʥʦ ʠ 

ʚʥʝʜʨʝʥʳ;  

½ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩʝʤʠʥʘʨʳ ʠ ʣʝʢʮʠʠ ʧʦ ʦʩʥʦʚʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʘʥʥʳʡ ʰʘʛ ʧʦʤʦʞʝʪ ʧʦʜʥʷʪʴ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ 

ʧʝʨʩʦʥʘʣʘ ʚ ʦʙʣʘʩʪʠ ʀɹ, ʠʤʝʥʥʦ ʵʪʦ ʧʦʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʥʮʠʜʝʥʪʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʠʝ ʢʫʨʩʳ ʧʦʤʦʛʫʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʥʮʠʜʝʥʪʦʚ ʧʦ ʚʠʥʝ ʥʝʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʘ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʉʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʢʫʨʩʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʦʚ ʠ 

ʦʪ ʫʨʦʚʥʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʦʚʦʜʷʱʠʭ ʣʝʢʮʠʠ. ɼʣʷ ʦʙʱʝʛʦ ʦʙʫʯʝʥʠʷ 



ð 38 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʝʨʩʦʥʘʣʘ ʜʦʩʪʘʪʦʯʥʦ ʙʫʜʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʢʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ 

ʩʦʪʨʫʜʥʠʢʘʤ, ʢʦʪʦʨʳʝ ʥʠʢʦʛʜʘ ʥʝ ʢʘʩʘʣʠʩʴ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʥʠʷ ʦ ʨʦʣʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʦ ʩʧʦʩʦʙʘʭ ʠ ʤʝʪʦʜʘʭ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ɼʘʥʥʳʝ ʢʫʨʩʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʯʘʩʪʦ ʧʨʦʚʦʜʷʪʩʷ ʩʠʩʪʝʤʥʳʤʠ ʠʥʪʝʛʨʘʪʦʨʘʤʠ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

½ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʧʦʦʱʨʝʥʠʷ ʠ ʰʪʨʘʬʳ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʠʣʠ ʥʝ 

ʩʦʙʣʶʜʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʘʚʠʣ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʚʝʰʘʪʴ ʩʪʠʢʝʨ ʩʦ ʩʚʦʠʤ ʣʦʛʠʥʦʤ ʠ ʧʘʨʦʣʝʤ ʦʪ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʥʘ 

ʤʦʥʠʪʦʨ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʄʝʪʦʜ ʧʦʦʱʨʝʥʠʷ ʠ ʰʪʨʘʬʦʚ ʟʘ 

ʩʦʙʣʶʜʝʥʠʝ ʠʣʠ ʥʝ ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʟʙʝʞʘʪʴ 

ʥʝʧʨʠʷʪʥʳʭ ʠʥʮʠʜʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʨʘʚʠʣʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʣʝʜʫʝʪ ʦʧʠʩʘʪʴ ʚ 

ʜʦʢʫʤʝʥʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʩ ʵʪʠʤ ʜʦʢʫʤʝʥʪʦʤ ʦʟʥʘʢʦʤʠʪʴ ʚʩʝʭ ʩʦʪʨʫʜʥʠʢʦʚ. ʆ 

ʧʦʦʱʨʝʥʠʷʭ ʠʣʠ ʰʪʨʘʬʘʭ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʠʣʠ ʥʝ ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʦʠʪ ʥʘʧʠʩʘʪʴ ʚ ʪʨʫʜʦʚʦʤ ʜʦʛʦʚʦʨʝ. 

ʂʘʩʘʝʤʦ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʤʝʪʠʤ: 

½ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝ ʇʂ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʚʫʭʬʘʢʪʦʨʥʦʡ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ; 

½ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʘʤʦʝ ʩʚʝʞʝʝ ʘʥʪʠʚʠʨʫʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ; 

½ ʥʝʦʙʭʦʜʠʤʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʦʚʣʷʪʴ ʧʘʨʢ ʤʘʰʠʥ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʥʷʪʠʝ ʘʫʜʠʪ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ 

ʪʝʤʳ ʙʫʜʝʪ ʦʙʲʷʩʥʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʘʫʜʠʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʧʝʨʝʯʝʥʴ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩ ʘʫʜʠʪʦʤ  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʫʜʠʪ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʫʛʨʦʟʳ, ʫʷʟʚʠʤʦʩʪʠ  

 

Abstract 

This article will consider the concept of auditing. In the process of studying this topic, the 

relevance of the information security audit will be explained, and a list of recommendations that 

are directly related to the audit will be formulated 

Keywords: audit, information security, threats, vulnerabilities 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʘʫʜʠʪʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʆʜʥʘ 

ʠʟ ʧʨʠʯʠʥ ï ʩʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ, ʢʦʪʦʨʳʡ ʥʘʩʳʱʝʥ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʤ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  39 ð 

 

      

 

ʦʙʝʩʧʝʯʝʥʠʝʤ. ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʚ ʩʠʣʫ ʨʷʜʘ ʧʨʠʯʠʥ, ʥʘʧʨʠʤʝʨ ʤʦʨʘʣʴʥʦʛʦ ʩʪʘʨʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʠʜʷʪ ʥʝʘʜʝʢʚʘʪʥʦʩʪʴ ʨʘʥʝʝ ʚʣʦʞʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʠ ʠʱʫʪ ʧʫʪʠ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʥʠʪʴ ʀʉ, ʯʪʦ, ʢʦʥʝʯʥʦ, ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʝʨʴʝʟʥʳʝ ʨʘʩʭʦʜʳ. ʉ ʜʨʫʛʦʡ, ʤʦʞʥʦ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʀʉ. ʕʪʦʪ ʚʘʨʠʘʥʪ ʥʝ ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʚʣʦʞʝʥʠʡ, ʦʜʥʘʢʦ ʩʪʘʚʠʪ 

ʥʦʚʳʝ ʚʦʧʨʦʩʳ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʦʩʪʘʚʠʪʴ ʠʟ ʠʤʝʶʱʠʭʩʷ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, 

ʢʘʢ ʦʙʝʩʧʝʯʠʪʴ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩʪʘʨʳʭ ʠ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʀʉ ʠ ʪ.ʜ.  

ʉʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʥʘ, ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʨʠʯʠʥʘ ʧʨʦʚʝʜʝʥʠʷ ʘʫʜʠʪʘ, ʢʦʪʦʨʘʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʧʦʪʝʥʮʠʘʣ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ. ɸʫʜʠʪ ʀʉ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʜʘʯʠ ʦʪ 

ʩʨʝʜʩʪʚ, ʠʥʚʝʩʪʠʨʫʝʤʳʭ ʚ ʩʦʟʜʘʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʀʉ. 

ʉʧʝʢʪʨ ʫʛʨʦʟ ʜʣʷ ʀʉ ʨʘʩʰʠʨʠʣʩʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʩʝʪʷʤ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, çʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʚʦʡʥʘʤʠè ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʚʳʩʦʢʦʡ çʪʝʢʫʯʢʦʡè ʢʘʜʨʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʘʫʜʠʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ:  

½ ʚʳʷʚʠʪʴ ʟʥʘʯʠʤʳʝ ʫʛʨʦʟʳ ʜʣʷ ʠʥʬʦʨʤʘʮʠʠ, ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ ʧʨʝʜʝʣʘʭ 
ʧʨʝʜʧʨʠʷʪʠʷ; 

½ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʦʙʳʪʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʫʛʨʦʟʫ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ ʫʱʝʨʙ ʦʪ ʥʝʛʦ; 

½ ʩʦʩʪʘʚʠʪʴ ʥʝʬʦʨʤʘʣʴʥʫʶ ʤʦʜʝʣʴ ʥʘʨʫʰʠʪʝʣʷ;  

½ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʟʘʱʠʪʳ; 

½ ʦʮʝʥʠʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ 
ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ; 

½ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʫʜʠʪʘ ʀɹ ʧʨʦʚʦʜʠʪʩʷ ʧʦʜʛʦʪʦʚʢʘ 

ʨʘʩʧʦʨʷʜʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʟʘʱʠʪʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ (çʂʦʥʮʝʧʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè, çʇʣʘʥ ʟʘʱʠʪʳè, çʇʦʣʦʞʝʥʠʝ 

ʦ ʢʘʪʝʛʦʨʠʨʦʚʘʥʠʠ ʨʝʩʫʨʩʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳè ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ), ʘ ʪʘʢʞʝ 

ʚʥʝʩʪʠ ʧʫʥʢʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʟʘʱʠʪʳ, ʚ ʜʦʣʞʥʦʩʪʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʠ ʧʦʣʦʞʝʥʠʷ ʦʙ ʦʪʜʝʣʘʭ 

ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʤʦʛʫʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

½ ʟʘʱʠʪʫ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʩʝʪʴ ʠ ʦʪ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ 
ʠʟ ʩʝʪʠ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ; 

½ ʟʘʱʠʪʫ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʭ ʨʝʩʫʨʩʦʚ ʩʝʪʠ ʦʪ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʥʦʨʤʘʣʴʥʳʡ 
ʧʨʦʮʝʩʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; 

½ ʟʘʱʠʪʘ ʚʘʞʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʨʝʩʫʨʩʦʚ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ; 

½ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʟʘʱʠʪʫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʝʤʳ ʘʫʜʠʪʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩ ʮʝʣʴʶ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʘʫʜʠʪʘ. 

ʅʘʧʨʠʤʝʨ: ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ ʜʦʩʪʫʧʘ (ʧʨʦʥʠʢʥʦʚʝʥʠʷ) ʚ ʆʉ ʢʦʤʧʴʶʪʝʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʪʥʦʛʦ ʇʆ (ʩʨʝʜʩʪʚ ʆʉ ʠʣʠ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʱʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ. ʉʩʳʣʘʷʩʴ ʥʘ 21 

ʧʨʠʢʘʟ ʌʉʊʕʂ, ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʤʝʨʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʧʠʩʘʪʴ ʚ ʜʦʣʞʥʦʩʪʥʦʡ 

ʠʥʩʪʨʫʢʮʠʠ ʯʝʪʢʠʝ ʟʘʜʘʯʠ ʩʦʪʨʫʜʥʠʢʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʝʛʦ ʩʦʪʨʫʜʥʠʢ ʥʝ 

ʜʦʣʞʝʥ ʜʝʣʘʪʴ. ʊʘʢʞʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʟʥʘʢʦʤʠʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʢʦʤʧʘʥʠʠ ʩ ʤʘʪʨʠʮʝʡ 

ʜʦʩʪʫʧʘ ʀʉʇɼʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʜʘʥʥʫʶ ʫʛʨʦʟʫ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʤʝʨʘʤʠ, ʦʜʥʘʢʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʦʥʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ.  



ð 40 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨ ʚʳʜʝʣʠʤ ʫʩʪʘʥʦʚʢʫ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʝ ʧʦʟʚʦʣʠʪ ʩʦʚʝʨʰʘʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʆʉ ʙʝʟ ʧʨʘʚʘ 

ʜʦʩʪʫʧʘ. ʂ ʪʘʢʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ Secret Net. 

***  

1. Geektimes / [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://geektimes.ru  

2. ɸʚʝʨʯʝʥʢʦʚ, ɺ.ʀ. ɸʫʜʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ.ʀ. ɸʚʝʨʯʝʥʢʦʚ ï ʄ.: 

ʌʃʀʅʊɸ, 2016. ï 269 ʩ.- ISBN 978-5-9765-1256-6 

ʂʘʤʘʣʦʚ ʂ.ʆ., ʏʝʨʥʦʚʘ ʆ.ɺ., ʂʦʚʘʣʝʥʢʦ ɺ.ʃ., ʂʦʪʦʢ ɺ.ɸ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʣʢʠ ʦʩʘʞʜʸʥʥʦʡ ʦʢʠʩʠ ʮʠʥʢʘ 

ʌɻɹʆʋ ɺʆ ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʂʠʨʦʚ) 

doi: 10.18411/lj-11-2018-152 

idsp: ljournal-11-2018-152 

 

ɸʥʥʦʪʘʮʠʷ 

ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʣʢʠ ʦʢʠʩʠ ʮʠʥʢʘ, ʧʦʣʫʯʝʥʥʦʡ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ: ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʰʢʠ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʜʦʩʪʠʯʴ ʫʜʘʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʚʣʘʛʠ, ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʢʘʣʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʠʪʴ ʧʨʦʤʳʰʣʝʥʥʦ-ʧʨʠʛʦʜʥʫʶ ʦʢʠʩʴ ʮʠʥʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ɻʆʉʊ 202-76.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʠʛʤʝʥʪʥʳʡ ʦʢʩʠʜ ʮʠʥʢʘ, ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ 

 

ʂʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʢʘʣʢʠ ʦʩʘʞʜʝʥʥʦʡ ʦʢʠʩʠ ʮʠʥʢʘ. ʇʦʣʫʯʘʝʤʳʡ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʡ ʦʩʘʜʦʢ 

ʠʤʝʝʪ ʚʣʘʞʥʦʩʪʴ 20 ï 30%. ʇʦ ɻʆʉʊ 202-76 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʠ 

ʧʨʦʢʘʣʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500Üʉ ʥʝ ʙʦʣʝʝ 0,3%. ʊʘʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʢʘʣʢʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʢʣʶʯʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʦʩʘʜʢʘ ʦʢʩʠʜʘ ʮʠʥʢʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʦʩʘʜʢʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ ʠ ʭʣʦʨʠʜʦʚ. ʆʯʝʚʠʜʥʦ, ʧʦʪʝʨʷ ʤʘʩʩʳ ʦʙʫʩʣʦʚʣʝʥʘ 

ʠʩʧʘʨʝʥʠʝʤ ʚʦʜʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʢʘʢ ʧʨʠ ʨʘʩʧʘʜʝ Zn(OH)2, ʪʘʢ ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ZnO. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʪʘʝʪ ʟʘʜʘʯʘ ï ʫʜʘʣʠʪʴ ʠʟ ʦʩʘʜʢʘ ʚʣʘʛʫ, ʢʦʪʦʨʘʷ 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʧʠʛʤʝʥʪʥʦʛʦ ʦʢʩʠʜʘ ʮʠʥʢʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʙʳʩʪʨʦʤʫ ʦʪʩʣʘʠʚʘʥʠʶ ʵʪʠʭ ʧʦʢʨʳʪʠʡ. 

ʆʩʥʦʚʥʫʶ ʤʘʩʩʫ ʚʦʜʳ ʤʦʞʥʦ ʫʜʘʣʠʪʴ ʩʫʰʢʦʡ ʦʩʘʜʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105- 110Áʉ. 

ʇʦʩʣʝ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʦʢʩʠʜʝ ʮʠʥʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 2,0 ï 2,5%. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʰʢʠ ʦʩʘʜʢʘ, ʩ 

ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ 23%, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʦʧʳʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʘʞʥʦʩʪʠ 

ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʣʩʷ ʩʫʰʢʝ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ. ʕʪʠ 

ʜʘʥʥʳʝ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

ʊʘʙʣʠʮʘ 1 

ɺʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʰʢʠ (t =105Üʉ) 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʰʢʠ, ʯʘʩ 1 2 3 4 5 

ɺʣʘʞʥʦʩʪʴ, % 11,00 4,50 2,30 2,25 2,25 

 

ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʢʘʣʢʠ ʦʙʨʘʟʮʳ ʦʩʘʜʢʘ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʣʠ 

çʧʦʪʝʨʶ ʤʘʩʩʳ ʧʨʠ ʧʨʦʢʘʣʢʝ ʧʨʠ 500Üʉè (ʩʦʛʣʘʩʥʦ ɻʆʉʊ 202-76), ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʴʥʦ 

ʦʮʝʥʠʚʘʣʠ ʮʚʝʪ ʧʠʛʤʝʥʪʘ ʠ ʠʟʤʝʨʷʣʠ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦ ʤʝʪʦʜʫ ɹʕʊ, 

ʧʨʦʢʘʣʝʥʥʳʭ ʚ ʪʝʯʝʥʠʝ 3-ʭ ʯʘʩʦʚ (ʪʘʙʣʠʮʘ 2). 

  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  41 ð 

 

      

 

ʊʘʙʣʠʮʘ 2 

ɼʘʥʥʳʝ ʧʦ ʧʨʦʢʘʣʢʝ ʦʙʨʘʟʮʦʚ ʦʢʩʠʜʘ ʮʠʥʢʘ 

ʊ, Áʉ 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʢʘʣʢʠ, ʯʘʩ 

ʇʦʪʝʨʷ ʤʘʩʩʳ ʧʨʠ 

ʧʨʦʢʘʣʢʝ, % 
ʎʚʝʪ 

ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʤ2/ʛ 

250 

1 1,0 

ʙʝʣʳʡ 15,3 
2 0,65 

3 0,44 

4 0,33 

350 

1 0,63 

ʙʝʣʳʡ 14,8 
2 0,35 

3 0,22 

4 0,20 

450 2 0,23 
ʞʝʣʪʦ-

ʙʝʣʳʡ 
8,3 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʢʩʠʜʘ ʮʠʥʢʘ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʢʘʣʢʠ. ɺʠʜʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʢʘʣʢʠ 

ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʢʩʠʜʘ ʮʠʥʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʢʘʣʠʚʘʥʠʷ 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 1 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʫʰʢʘ ʦʩʘʜʢʘ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 105Áʉ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʚʣʘʛʠ. ɺ ʮʝʣʷʭ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʘʜʢʘ ʩʣʝʜʫʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʩʫʰʢʠ ʚ 

ʵʣʝʢʪʨʦʧʝʯʘʭ. 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʢʘʣʢʠ ʷʚʣʷʶʪʩʷ: t 

= 350ÁC, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ï 3 ʯʘʩ. ʇʨʠ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʢʘʣʢʠ ʥʝ ʫʜʘʝʪʩʷ 

ʫʣʦʞʠʪʴʩʷ ʚ ʨʘʤʢʠ ɻʆʉʊ, ʧʨʠ ʙʦʣʴʰʠʭ ï ʦʩʘʜʦʢ ʧʨʠʦʙʨʝʪʘʝʪ ʞʝʣʪʦʚʘʪʳʡ ʦʪʪʝʥʦʢ. 
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ð 42 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʢʘʣʢʠ ʧʨʠ 350ÁC ʩʚʳʰʝ 3 ʯʘʩ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ. 

***  

1. ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʚʪʦʨʠʯʥʦʛʦ ʮʠʥʢʦʚʦʛʦ ʩʳʨʴʷ. ʄ.: ɻʠʥʮʚʝʪʤʝʪ. ï 2004. ï  219 ʩ. 

ʂʝʥʞʝʛʘʣʠʝʚ ɸ., ɸʙʠʣʛʘʟʠʝʚʘ ɸ.ɸ., ʐʘʭʤʘʥʦʚʘ ɸ.ʂ., ʂʫʣʙʘʪʳʨʦʚ ɼ.ʂ., 

ʋʨʘʟʛʘʣʠʝʚʘ ʄ.ʂ., ʂʫʣʳʥʙʘʡ ɽ. 

ʉʦʩʪʦʷʥʠʷ ʟʦʦʧʣʘʥʢʪʦʥʘ ʧʦ ʩʝʟʦʥʘʤ ʚ ʨʘʡʦʥʝ ʟʘʣʠʚʘ ʊʶʙ-ʂʘʨʘʛʘʥ ʟʘ 2016-2017 ʛʛ. 

ʅɸʆ çɸʪʳʨʘʫʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟè 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʨʝʟʫʣʴʪʘʪʳ  ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ 

ʨʘʡʦʥʝ ʊʶʙ-ʂʘʨʘʛʘʥ ʧʦ ʩʝʟʦʥʘʤ ʟʘ 2016 ʠ 2017 ʛʛ. ɽʩʣʠ ʚ 2016 ʛ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ 

ʦʙʥʘʨʫʞʝʥʦ 44 ʪʘʢʩʦʥʦʚ, ʪʦ 2017 ʛ. ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 65 ʪʘʢʩʦʥʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʷ, ʊʶʙ-ʂʘʨʘʛʘʥ, ʟʦʦʧʣʘʥʢʪʦʥ, ʢʦʣʦʚʨʘʪʢʠ, 

ʚʝʪʚʠʩʪʦʫʩʳʝ ʨʘʯʢʠ, ʚʝʩʣʦʥʦʛʠʝ ʨʘʯʢʠ, ʧʨʦʯʠʝ 

 

Key words: The Caspian Sea, Tyub-Karagan, zooplankton,  rotatoria, ʩladocera, 

ʩopepoda, ʦthers 

 

ʆʛʨʦʤʥʘʷ ʨʦʣʴ ʚ ʩʘʤʦʦʯʠʱʝʥʠʠ ʚʦʜʦʝʤʦʚ ʧʨʠʥʘʜʣʝʞʠʪ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʬʘʢʪʦʨʘʤ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʳʤʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ 

ʛʠʜʨʦʙʠʦʥʪʦʚ. ɻʠʜʨʦʙʠʦʥʪʳð ʨʘʩʪʠʪʝʣʴʥʳʝ ʠ ʞʠʚʦʪʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʝ 

ʢ ʞʠʟʥʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʤʠʢʨʦʙʳ, ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʧʨʦʩʪʝʡʰʠʝ, 

ʙʘʢʪʝʨʠʦʬʘʛʠ ʠ ʜʨ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʛʠʜʨʦʙʠʦʥʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʙʦʪʘʭ 

[1-7]. ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʝʬʪʷʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ 2017 ʛ. ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʛʠʜʨʦʙʠʦʥʪʦʚ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 

2016 ʛ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʚʦʜʳ ʚ ʨʘʡʦʥʝ ʟʘʣʠʚʘ 

ʊʶʙ-ʂʘʨʘʛʘʥ. ʇʨʦʙʳ ʚʦʜʳ ʦʪʙʠʨʘʣʠʩʴ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳʩʝʪʴʶ ɸʧʰʪʝʡʥʘ ʠ 

ʬʠʢʩʠʨʦʚʘʣʠʩʴ 4 % ʬʦʨʤʘʣʠʥʦʤ. ɿʘʪʝʤ ʦʥʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠʩʴ ʦʩʘʜʦʯʥʳʤ ʤʝʪʦʜʦʤ [8-

9]. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʙʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ [10-

13], ʦʧʨʝʜʝʣʷʣʠʩʴ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʯʠʩʣʝʥʥʦʩʪʴ (ʵʢʟ. ʥʘ ʤ
3
) ʠ ʙʠʦʤʘʩʩʘ (ʤʛ ʥʘ 

ʤ
3
). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʘʝ 1ʠ ʥʘ ʨʠʩʫʥʢʘʭ 1-4. 

ʊʘʙʣʠʮʘ 

ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʟʦʦʧʣʘʥʢʪʝʨʦʚ ʧʦ ʩʝʟʦʥʘʤ 2016 ʠ 2017 ʛʛ. 

ˉ 

ʧ.ʧ 
ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ 

ʂʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ/ʪʘʢʩʦʥʦʚ 

ʟʠʤʘ ʚʝʩʥʘ ʣʝʪʦ ʦʩʝʥʴ 

2016 2017 2016 2017 2016 2017 2016 2017 

1 
Rotatoria/ 

ʢʦʣʦʚʨʘʪʢʠ 
3 2 1 3 3 6 1 2 

2 
Cladocera/ 

ʚʝʪʚʠʩʪʦʫʩʳʝ ʨʘʯʢʠ 
- 1 2 3 4 7 - - 

3 Copepoda/ ʚʝʩʣʦʥʦʛʠʝ 5 7 3 6 4 4 3 5 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  43 ð 

 

      

 

ʨʘʯʢʠ 

4 Others / ʧʨʦʯʠʝ 2 4 4 4 5 5 5 6 

ɺʩʝʛʦ 10 14 10 16 16 22 8 13 

 

ʀʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ. ʟʠʤʦʡ ʢʘʢ 2016 ʪʘʢ ʠ 2017 ʛ., ʘ ʪʘʢʞʝ ʚʝʩʥʦʡ 2017 

ʛ. ʜʦʤʠʥʠʨʦʚʘʣʠ ʚʝʩʣʦʥʦʛʠʝ ʨʘʯʢʠ. ɽʩʣʠ ʣʝʪʦʤ 2016 ʛ. ʜʦʤʠʥʠʨʦʚʘʣʠ ʧʨʦʯʠʝ ʚʠʜʳ ʪʦ 

2017 ʛ. ʚʝʪʠʩʪʦʫʩʳʝ ʨʘʯʢʠ- 7 ʚʠʜʦʚ, ʪʦ ʦʩʝʥʴʶ ʦʙʦʠʭ ʣʝʪ ʜʦʤʠʥʘʥʪʘʤʠ ʩʪʘʣʠ ʧʨʦʯʠʝ 

ʚʠʜʳ ʟʦʦʧʣʘʥʢʪʝʨʦʚ. ɿʠʤʦʡ 2016 ʝʩʣʠ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣʠʩʴ - Synchaeta vorax ʠ Acartia 

tonsa ʠʟ ʩʝʤʝʡʩʪʚ ʢʦʣʦʚʨʘʪʢʠ  ʠ ʚʝʩʣʦʥʦʛʠʝ ʨʘʯʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ 2017 ʪʦʣʴʢʦ  

Synchaeta vorax ʠʟ ʩʝʤʝʡʩʪʚʘ ʢʦʣʦʚʨʘʪʢʠ. ɺʝʩʥʦʡ ʢʘʢ 2016 ʛ.  ʪʘʢ ʠ 2017 ʛ. ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʣʠʩʴ Acartiatonsa Calanipedaaquae-dulcis ʠ Acartia tonsa ʠʟ ʛʨʫʧʧʳ ʚʝʩʣʦʥʦʛʠʝ 

ʨʘʯʢʠ. 

   ʃʝʪʦʤ 2016 ʛ. ʯʘʩʪʦ ʚʩʝʭ ʚʩʪʨʝʯʘʣʠʩʴ - Acartia tonsa, Calanipeda aquae-dulcis ʠʟ 

ʢʣʘʩʩʘ 

Copepoda ʠ  aquae-dulcis ʠʟ ʩʝʤʝʡʩʪʚʘ Calanipeda, ʘ ʪʘʢ ʞʝ  Bivalvia gen.sp. ʠʟ 

ʩʝʤʝʡʩʪʚʘ Others, ʘ ʚ 2017 Brachionus quadridentatus ʠʟ ʛʨʫʧʧʳ Rotatoria, Acartia tonsa ʠ 

Calanipeda aquae-dulcis ʠʟ ʩʝʤʝʡʩʪʚʘ Copepoda, ʘ ʪʘʢ ʞʝ  Bivalvia gen.sp. ʠʟ ʛʨʫʧʧʳ 

ʇʨʦʯʠʝ. ʆʩʝʥʴʶ 2016 Acartia tonsa ʠʟ ʛʨʫʧʧʳ- Copepoda ʠ Hediste diversicolor,  

Cirripedia gen.sp.ʠʟ ʩʝʤʝʡʩʪʚʘ Others, ʘ 2017 Acartia  tonsa, ʠʟ ʛʨʫʧʧʳ Copepoda, ʘ ʪʘʢʞʝ 

Cirripedia gen.sp. ʠʟ ʩʝʤʝʡʩʪʚʘ Others. 

ʀʟ ʨʠʩʫʥʢʠ 1-4 ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʘʢ 2016 ʛ. ʪʘʢ 2017 ʛ. ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

 
ʈʠʩʫʥʦʢ 1- ʉʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʟʦʦʧʣʘʥʢʪʦʥʦʚ, ʵʢʟ/ʤ3 2016 ʛ. 

 

ɺ 2016 ʛ. ʣʝʪʦʤ ʯʠʩʣʝʥʥʦʩʪʴʶ 11330 ʵʢʟ/ʤ3 ʚʝʜʫʱʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʣ 

ʢʦʣʦʚʨʘʪʢʠ ʠ ʦʥʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 2016 ʛ. ʠ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʡ ʜʦʤʠʥʠʨʦʚʘʣʠ ï 

40,4 %. 

 
ʈʠʩʫʥʦʢ 2 - ʉʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʟʦʦʧʣʘʥʢʪʦʥʦʚ, ʤʛ/ʤ3 2016 ʛ.   
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ð 44 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 3 - ʉʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʟʦʦʧʣʘʥʢʪʦʥʦʚ, ʵʢʟ/ʤ3 2017 ʛ. 

 

ʇʦ ʯʠʩʣʝʥʥʦʩʪʠ ʟʦʦʧʣʘʥʢʪʦʥʦʚ ʚ 2017 ʛ. ʚʝʜʫʱʫʶ ʧʦʟʠʮʠʶ ʣʝʪʦʤ ʟʘʥʠʤʘʣ 

ʢʦʣʦʚʨʘʪʢʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ï 16118 ɻ ʢʟ/ʤ3, ʘ ʦʩʝʥʴʶ ʚʝʩʣʦʥʦʛʠʝ ʨʘʯʢʠ ï 2536 ʵʢʟ/ʤ3.   

 
ʈʠʩʫʥʦʢ 4 - ʉʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʟʦʦʧʣʘʥʢʪʦʥʦʚ, ʤʛ/ʤ3 2017 ʛ.   

 

ɼʘʥʥʳʡ ʨʠʩʫʥʦʢ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ: ʢʦʣʦʚʨʘʪʢʠ ʧʦ ʙʠʦʤʘʩʩʝ 

ʜʦʤʠʥʠʨʦʚʘʣʠ ʣʝʪʦʤ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 17,77 ʤʛ/ʤ3, ʘ ʦʩʝʥʴʶ ʚʝʩʣʦʥʦʛʠʝ ʨʘʯʢʠ -

26,80 ʤʛ/ʤ3. ɿʘ 2017 ʛ. ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʤʠʥʠʨʦʚʘʣʠ ʧʦʩʣʝʜʥʠʝ - 41,71%, 

ʪʦʛʜʘ ʢʘʢ ʢʦʣʦʚʨʘʪʢʠ ʩʦ ʟʥʘʯʝʥʠʝʤ 22,2% ʟʘʥʠʤʘʣʠ ʪʨʝʪʴʶ ʩʪʨʦʯʢʫ, ʘ ʚʪʦʨʫʶ ʧʦʟʠʮʠʶ 

ʟʘʥʷʣ ʧʨʦʯʠʝ ʚʠʜʳ ʠʣʠ ʬʘʢʫʣʴʪʘʪʠʚʥʳʝ ʟʦʦʧʣʘʥʢʪʦʥʳ ʩʦ ʟʥʘʯʝʥʠʝʤ -33,15 %. 

ɺʳʚʦʜʳ: 

ɺ ʟʘʣʠʚʝ ʊʶʙ-ʂʘʨʘʛʘʥ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʟʦʦʧʣʘʥʢʪʦʥʘ ʢʘʢ ʚ 2016 ʛ. ʠ  ʚ 

2017 ʛ. ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʣʝʪʦʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʙʠʦʤʘʩʩʘ  .ï ʦʩʝʥʴʶ. ʇʦ 

ʯʠʩʣʝʥʥʦʩʪʠ ʯʘʱʝ ʚʩʝʛʦ ʜʦʤʠʥʠʨʦʚʘʣʠ ʚʝʩʣʦʥʦʛʠʝ, ʣʝʪʦʤ ï ʢʦʣʦʚʨʘʪʢʠ. ʃʝʪʦʤ ʧʦ 

ʙʠʦʤʘʩʩʝ ʜʦʤʠʥʠʨʦʚʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʣʦʚʨʘʪʢʠ.   ʆʩʝʥʴʶ ʜʦʤʠʥʠʨʫʶʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʧʦ ʙʠʦʤʘʩʩʝ ʟʘʥʠʤʘʣʠ ʚʝʩʣʦʥʦʛʠʝ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʘʢʚʘʪʦʨʠʠ ï ʧʨʦʯʠʝ 

ʚʠʜʳ. 

ɺ ʊʶʙʢʘʨʘʛʘʥʩʢʦʤ ʟʘʣʠʚʝ, ʯʠʩʣʝʥʥʦʩʪʴ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ 2017 ʛ.   ʥʝʩʢʦʣʴʢʦ 

ʚʦʟʨʦʩʣʘ ʯʝʤ 2016 ʛ.   

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʡ ʣʠʥʠʠ ʩʚʷʟʠ ʜʣʷ 

ʩʣʦʞʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʡ. ɸʪʤʦʩʬʝʨʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʩʚʷʟʠ (ɸʆʃʉ) ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʣʠʥʠʠ ʩʚʷʟʠ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʩʝʛʤʝʥʪʦʚ, ʥʘʨʷʜʫ ʩ 

ʩʝʛʤʝʥʪʘʤʠ ɺʆʃʉ,  ʚ ʩʦʩʪʘʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ (ʂʆʊʉ). ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʦʧʪʠʯʝʩʢʠʤ ʣʠʥʠʷʤ ʩʚʷʟʠ (ʆʃʉ), ʢʦʪʦʨʳʝ ʥʝʜʦʩʪʠʞʠʤʳ ʜʣʷ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʣʠʥʠʡ 

ʩʚʷʟʠ. ʅʝʢʦʪʦʨʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ɸʆʃʉ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ.  ʇʨʠʚʝʜʝʥʳ  

ʟʘʚʠʩʠʤʦʩʪʠ  ʟʘʪʫʭʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ ʦʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ 

ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ (ʄɼɺ), ʚ ʜʠʘʧʘʟʦʥʝ 50 ï 900 ʤ, ʜʣʷ ʨʘʟʥʳʭ ʜʣʠʥ ʚʦʣʥ. ʇʦʢʘʟʘʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 10 ʤʢʤ, ʚ ʩʨʘʚʥʝʥʠʠ  ʩ 

ʜʠʘʧʘʟʦʥʦʤ ʙʣʠʞʥʝʛʦ ʀʂ - 1,5 ʤʢʤ  ʠ  ʢʦʨʦʯʝ, ʦʩʦʙʝʥʥʦ, ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ ʤʘʣʳʭ  ʄɼɺ  

ʘʪʤʦʩʬʝʨʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʣʘʟʝʨʥʘʷ ʣʠʥʠʷ ʩʚʷʟʠ; ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ; 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʜʘʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ (ʄɼɺ); ʩʝʛʤʝʥʪʳ ɸʆʃʉ; ʩʝʛʤʝʥʪʳ ɺʆʃʉ; 

ʙʣʠʞʥʝʝ ʀʂ ʠʟʣʫʯʝʥʠʝ; ʜʘʣʴʥʝʝ ʀʂ ʠʟʣʫʯʝʥʠʝ.       

 

Abstract 

In the report the method of laser communication line modeling for difficult weather 

conditions is considered. Atmospheric optical communication lines (AOCS) are widely used 

both as independent communication lines and as segments, along with fiber optic segments 

(FOS), as part of combined communication lines (COLS).The relevance of their application is 



ð 46 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

based on very high speeds of information transmission over optical communication lines 

(OLS), which are unattainable for radio frequency communication lines. Some drawback of 

AOCS is the influence of the atmosphere. The dependences of the laser transmitter 

attenuation on the meteorological visibility range (MVR) in  the range of 50 ï 900 m for 

different wavelengths are given. The advantages of using radiation with a wavelength of 10 

microns, in comparison with the near IR range of 1.5 microns and shorter, especially for 

operation  at  small  atmospheric  MVR  are  shown.  

Key words: laser communication line; the influence of the atmosphere; 

meteorological visibility range (MVR); segments AOCS; segments FOS; near IR range; long  

IR range. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʰʝ ʚʨʝʤʷ, ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʳʧʫʩʢʘʝʪ ʨʷʜ ʩʠʩʪʝʤ 

ɸʆʃʉ (ʧʦʣʫʜʫʧʣʝʢʩ  ʠ ʜʫʧʣʝʢʩ) ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʜʠʩʪʘʥʮʠʠ ʩ ʨʘʟʥʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ. ʉʨʝʜʠ ʥʠʭ ʚʳʩʦʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʣʘʜʘʶʪ 

ʩʠʩʪʝʤʳ çɸʨʪʦʣʠʥʢè ʠ çɹʆʂʉè. ɺ ɽʚʨʦʧʝ ʠ ɸʤʝʨʠʢʝ, ʪʘʢ ʞʝ  ʚʳʧʫʩʢʘʶʪʩʷ  ʨʷʜ  

ʩʠʩʪʝʤ ɸʆʃʉ, ʧʦ ʠʭ ʪʝʨʤʠʥʦʣʦʛʠʠ,  ʩʠʩʪʝʤʳ Free Space Optics (FSO). ɸ ʉʐɸ ʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ  ʩʠʩʪʝʤʳ FSO, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʜʠʩʪʘʥʮʠʷʭ  300 ï 

800 ʤ. ʕʪʠ  ʚʝʣʠʯʠʥʳ ʧʦʣʫʯʘʶʪʩʷ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʥʘ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʩ ʫʯʝʪʦʤ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʉʐɸ, ʘʪʤʦʩʬʝʨʥʳʝ 

ʷʚʣʝʥʠʷ ʚ ʩʝʚʝʨʥʳʭ ʠ ʶʞʥʳʭ ʰʪʘʪʘʭ ʦʪʣʠʯʘʶʪʩʷ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ. ɺʦʟʜʝʡʩʪʚʠʝ 

ʘʪʤʦʩʬʝʨʳ ʥʘ  ɸʆʃʉ  ʧʨʠʚʦʜʠʪ, ʚ ʦʩʥʦʚʥʦʤ,  ʢ ʧʨʦʷʚʣʝʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʥʝʛʘʪʠʚʥʳʭ 

ʷʚʣʝʥʠʡ: 1) ɿʘʪʫʭʘʥʠʝ  ʩʠʛʥʘʣʘ,  ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ  ʚ  ʪʫʤʘʥʘʭ;  2) ʅʝʢʦʪʦʨʦʝ ʙʣʫʞʜʘʥʠʝ   

ʧʫʯʢʘ  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ  ʠ   ʩʮʠʥʪʠʣʣʷʮʠʠ  ʧʨʠ   ʥʘʣʠʯʠʠ   ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ.  ʊʫʤʘʥʳ ʠ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʯʘʱʝ ʚʦʟʥʠʢʘʶʪ ʥʘ ʩʠʣʴʥʦ ʧʝʨʝʩʝʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʚ ʦʙʣʘʩʪʷʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦʝʤʦʚ, ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʠ ʪ.ʧ. [1 - 4].  ɺʘʨʠʘʥʪ ʩʭʝʤʳ ʣʠʥʠʠ ʩʚʷʟʠ ʥʘ 

ʩʣʦʞʥʦʡ  ʪʨʘʩʩʝ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1.  

 
ʈʠʩ.1. ɺʘʨʠʘʥʪ  ʩʣʦʞʥʦʡ  ʪʨʘʩʩʳ  ʣʠʥʠʠ  ʩʚʷʟʠ (ƶ- ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʠʝ  ʤʦʜʫʣʠ) 

ʅʘ ʪʘʢʦʡ ʪʨʘʩʩʝ ʧʨʦʢʣʘʜʢʘ ʩʝʢʮʠʠ ɺʆʃʉ  ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʘ, ʪʘʢ ʢʘʢ 

ʠʤʝʶʪʩʷ ʢʨʫʪʳʝ ʭʦʣʤʳ, ʣʝʩ ʠ ʨʝʢʘ. ʇʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ, ʥʘ ʪʘʢʦʡ ʪʨʘʩʩʝ, ʧʨʦʢʣʘʜʢʘ 

ʩʝʢʮʠʠ ɸʆʃʉ (ʧʨʷʤʘʷ ʣʠʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʦʧʦʨʥʳʤʠ ʤʘʯʪʘʤʠ, ʥʘ ʨʠʩ. 1), ʠʤʝʝʪ 

ʥʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

ʉʨʝʜʠ ʟʘʢʦʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʠʮʘʤʠ ʘʪʤʦʩʬʝʨʳ, ʦʩʥʦʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ: ʧʦʛʣʦʱʝʥʠʝ, ʦʪʨʘʞʝʥʠʝ, ʜʠʬʨʘʢʮʠʷ, ʨʘʩʩʝʷʥʠʝ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʩʩʝʷʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ  ɚ  ʥʘ ʯʘʩʪʠʮʘʭ ʘʪʤʦʩʬʝʨʳ ʩ ʜʠʘʤʝʪʨʦʤ d, ʚʳʜʝʣʠʣʠʩʴ 3 

ʦʩʥʦʚʥʳʭ ʪʝʦʨʝʪʠʢʘ: ʘ) ʌʨʘʫʥʛʦʬʝʨ -  d ιι ɚ;    ʚ) ʄʠ -  d Ò ɚ;    ʩ) ʈʵʣʝʡ -  d  << ɚ. ʕʪʠ 

ʚʠʜʳ ʨʘʩʩʝʷʥʠʷ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘʫʯʥʦʡ  ʣʠʪʝʨʘʪʫʨʝ. ʇʨʠ 

ʵʪʦʤ, ʚʘʞʥʦ ʟʥʘʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼʅ)  ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ  d/ ɚ = 0,48, ɼʅ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ʦʩʷʭ 0 ï 3600   ʠʤʝʝʪ  ʚʠʜ ʩʣʝʛʢʘ ʩʞʘʪʦʛʦ 

ʵʣʣʠʧʩʘ ʧʦ ʦʩʠ  900 - 2700 .  

ʊʝʦʨʠʷ  ʄʀ ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʦ   ʦʧʠʩʳʚʘʝʪ  ʬʝʥʦʤʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

ʠʟʣʫʯʝʥʠʷ  ʩ  ʯʘʩʪʠʮʝʡ ʥʘ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ.  ʇʨʠ ʵʪʦʤ, ʥʫʞʥʳ ʟʥʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ. ʀʟʤʝʥʝʥʠʷ    ʟʥʘʯʝʥʠʡ  

ʧʘʨʘʤʝʪʨʦʚ  ʤʝʥʝʝ  ʟʘʤʝʪʥʳ  ʜʣʷ  ʙʦʣʴʰʠʭ ʯʘʩʪʠʮ.  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð  47 ð 

 

      

 

ɺʟʘʠʤʦʩʚʷʟʴ  ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ.  ʆʙʲʝʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ  ů(abs)  ʜʣʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ,  ʚʭʦʜʠʪ ʚ ʬʦʨʤʫʣʫ ʟʘʢʦʥʘ ɹʫʛʝʨʘï

ʃʘʤʙʝʨʪʘïɹʵʨʘ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʩʣʦʡ 

ʪʦʣʱʠʥʦʡ  l , ʩʦʜʝʨʞʘʱʠʡ ʘʵʨʦʟʦʣʴ, ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʘʨʷʜʫ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ - ů(sca), ʦʧʨʝʜʝʣʷʝʤʳʡ   ʙʝʟʨʘʟʤʝʨʥʳʤ 

ʩʝʯʝʥʠʝʤ ʨʘʩʩʝʷʥʠʷ. ʕʪʠ  ʢʦʵʬʬʠʮʠʝʥʪʳ,  ʚ  ʩʠʣʴʥʦʡ  ʤʝʨʝ,   ʟʘʚʠʩʷʪ   ʦʪ   ɚ.  

                         (1) 

ɿʘʪʫʭʘʥʠʝ ʠʟʣʫʯʝʥʠʷ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠ ʩʥʠʞʝʥʠʠ  ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ 

ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ (ʄɼɺ), ʦʜʥʘʢʦ ʝʛʦ ʨʦʩʪ ʥʘ ʢʦʨʦʪʢʠʭ  ʜʣʠʥʘʭ  ʚʦʣʥ ʟʥʘʯʠʪʝʣʴʥʦ  

ʚʳʰʝ, ʯʝʤ ʜʣʷ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ.  ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʣʘʟʝʨʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʘʟʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ. ɺ ʙʣʠʞʥʝʤ ʀʂ -ʜʠʘʧʘʟʦʥʝ -  ʣʠʜʠʨʫʶʪ ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ. ɺ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ - ʣʘʟʝʨʳ ʥʘ ʉʆ2  .  ʃʘʟʝʨʳ ʥʘ ʫʛʣʝʢʠʩʣʦʤ ʛʘʟʝ, ʚ ʦʩʥʦʚʥʦʤ, 

ʨʘʙʦʪʘʶʪ ʚ ʜʠʘʧʘʟʦʥʝ 10 ʤʢʤ ʠʟʣʫʯʝʥʠʷ, ʦʥʠ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ.  

ʉʨʝʜʠ ʥʠʭ, ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʉʆ2 ï ʣʘʟʝʨʳ  ʚʦʣʥʦʚʦʜʥʦʛʦ [5, 6, 8] 

ʪʠʧʘ ʉʆ2 ïɺʃ (ʨʠʩ. 2). ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆ2 ïɺʃ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʛʘʟʦʨʘʟʨʷʜʥʘʷ ʪʨʫʙʢʘ ʠʟ 

ɺʝʆ ʠ ʩʪʝʨʞʥʠ ʨʝʟʦʥʘʪʦʨʘ ʠʟ ʠʥʚʘʨʘ. ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʉʆ2 ïɺʃ, ʚʳʜʝʣʷʶʪʩʷ ʛʣʘʚʥʳʝ: 

ʢʦʤʧʘʢʪʥʦʩʪʴ; ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʳʭʦʜʥʦʛʦ  ʠʟʣʫʯʝʥʠʷ; ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ; ʙʦʣʴʰʦʡ 

ʨʝʩʫʨʩ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

 
ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʮʠʷ ʛʦʣʦʚʢʠ ʚʦʣʥʦʚʦʜʥʦʛʦ   ʉʆ2   ʣʘʟʝʨʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɸʆʃʉ ʠʤʝʝʪʩʷ ʮʝʣʳʡ 

ʘʨʩʝʥʘʣ ʣʘʟʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ [5 - 8]. ʆʜʥʘʢʦ, ʥʘ ʠʭ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʄɼɺ ʘʪʤʦʩʬʝʨʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʄɼɺ, ʨʘʚʥʦʡ  100 ʤ, ʟʘʪʫʭʘʥʠʝ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 1,5 ʤʢʤ ʩʦʩʪʘʚʣʷʝʪ  225 ʜʙ/ʢʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʜʣʠʥʝ  ʚʦʣʥʳ   10 ʤʢʤ,  

ʦʥʦ  ʩʦʩʪʘʚʣʷʝʪ  109 ʜʙ/ʢʤ. (ɼʨʫʛʠʝ ʜʘʥʥʳʝ  ʧʨʠʚʝʜʝʥʳ  ʥʘ ʛʨʘʬʠʢʝ, ʨʠʩ.  3).  

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʠʟʣʫʯʝʥʠʷ  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥ ʚʦʣʥ ʦʪ  ʄɼɺ:    1 - ɚ = 1,5 ʤʢʤ;   2 -  ɚ = 

10,6 ʤʢʤ 



ð 48 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʂʨʘʪʢʠʡ  ʘʥʘʣʠʟ  ʛʨʘʬʠʢʦʚ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ: 1)  ʧʨʠ ʄɼɺ, ʨʘʚʥʦʡ 200 ʤ, ʨʘʟʥʠʮʘ  

ʚ ʟʘʪʫʭʘʥʠʠ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 1,5 ʤʢʤ ʠ 10 ʤʢʤ,  ʧʨʝʚʳʰʘʝʪ  100 ʜʙ/ʢʤ; 2) ʇʨʠ 

ʚʦʟʨʘʩʪʘʥʠʠ  ʄɼɺ, ʨʘʟʥʠʮʘ ʚ ʟʘʪʫʭʘʥʠʠ ʥʘ ʵʪʠʭ  ʜʣʠʥʘʭ ʚʦʣʥ ï ʩʥʠʞʘʝʪʩʷ; 3) ʆʜʥʘʢʦ, 

ʜʘʞʝ ʧʨʠ ʄɼɺ = 500 ʤ, ʨʘʟʥʠʮʘ ʚ ʟʘʪʫʭʘʥʠʠ ʥʘ ʵʪʠʭ  ʜʣʠʥʘʭ ʚʦʣʥ, ʧʨʝʚʳʰʘʝʪ  20 

ʜʙ/ʢʤ; 4) ɺʩʝ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 4 ï ʩʫʱʝʩʪʚʝʥʥʦ  ʥʝʣʠʥʝʡʥʳʝ.  

ɼʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʠʭ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 8-ʶ 

ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʥʘ ʇʂ  ʚ ʧʘʢʝʪʝ  ʇʆ ñApproximation ï on lineò. ʇʘʨʘʤʝʪʨʳ 

ʬʫʥʢʮʠʡ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʦʰʠʙʢʘʤʠ ʜʣʷ  ʢʨʠʚʳʭ 1, 3,  ʨʠʩʫʥʢʘ  4,  ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

1. 

ʊʘʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ** ʬʫʥʢʮʠʡ  ʘʧʧʨʦʢʩʠʤʘʮʠʠ 
N A B C 

2 0,9718 0,9444 10,0343 % 

3 0,9969 0,9939 13,0668 % 

4 0,9992 0,9984 4,5347 % 

** ɸ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ;  ɺ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ; ʉ ï ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ:  

N = 2, 4 ï ʜʣʷ ʢʨʠʚʦʡ 1, ʨʠʩʫʥʦʢ 4; N = 3 ï ʜʣʷ ʢʨʠʚʦʡ 3, ʨʠʩʫʥʦʢ  4.      N=2ïʩʪʝʧʝʥʥʘʷ ʨʝʛʨʝʩʩʠʷ: Y2 = 

3412,0228 X
-1,1631 

   (2) 

N = 3 ï ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ   ʨʝʛʨʝʩʩʠʷ: Y3 = - 7,7483 + 1268,0754/ ʍ      (3) 

N = 4ïʢʫʙʠʯʝʩʢʘʷ   ʨʝʛʨʝʩʩʠʷ: Y4 = -0,0008 ʍ
3 
+ 0,16 ʍ

2 
ï 11,58 ʍ + 298,48.  (4) 

 

ɺʝʩʴʤʘ ʧʨʠʝʤʣʝʤʳʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʬʫʥʢʮʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 2 ʠ 3 ʩʦ ʩʨʝʜʥʠʤʠ 

ʦʰʠʙʢʘʤʠ  ~ 10 %. ʅʘʠʣʫʯʰʝʝ ʧʨʠʙʣʠʞʝʥʠʝ,  ʩʦ ʩʨʝʜʥʝʡ ʦʰʠʙʢʦʡ  ~ 4,5 %, ʧʦʣʫʯʝʥʦ 

ʜʣʷ  ʢʨʠʚʦʡ 1, ʨʠʩ. 4, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫʙʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ (4).  ʇʨʠʚʝʜʝʥʥʳʝ 

ʬʫʥʢʮʠʠ 2 ï 4, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʪʫʭʘʥʠʷ ʚ ʣʠʥʠʷʭ ʩʚʷʟʠ ʚ 

2-ʭ  ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ï 1,55 ʤʢʤ ʠ 10,6 ʤʢʤ, ʜʣʷ ʣʶʙʳʭ ʟʥʘʯʝʥʠʡ ʄɼɺ  

ʘʪʤʦʩʬʝʨʳ ʚ ʦʙʰʠʨʥʦʤ  ʜʠʘʧʘʟʦʥʝ  ʄɼɺ  -  100 ï 900 ʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

1) ʇʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ, ʥʘ ʩʣʦʞʥʳʭ ʪʨʘʩʩʘʭ, ʧʨʦʢʣʘʜʢʘ ʩʝʢʮʠʠ ɸʆʃʉ  ʠʤʝʝʪ 

ʥʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

2) ɺ ɸʆʃʉ ʟʘʪʫʭʘʥʠʝ ʠʟʣʫʯʝʥʠʷ  ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠ ʩʥʠʞʝʥʠʠ  ʄɼɺ.  

3) ʇʨʠ  ʄɼɺ, ʨʘʚʥʦʡ 100 ʤ, ʨʘʟʥʠʮʘ ʚ ʟʘʪʫʭʘʥʠʠ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 1,5 ʤʢʤ   ʠ  10  

ʤʢʤ, ʧʨʝʚʳʰʘʝʪ  110 ʜʙ/ʢʤ. 

4) ʂʦʤʙʠʥʘʮʠʷ  ʣʘʟʝʨʦʚ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ  10 ʤʢʤ  ʠ 1,5 ʤʢʤ ʚʝʜʝʪ  ʢ  ʧʦʚʳʰʝʥʠʶ  

ʥʘʜʝʞʥʦʩʪʠ  ʦʧʪʠʯʝʩʢʦʡ   ʣʠʥʠʠ  ʩʚʷʟʠ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʠ 

ʨʘʩʯʝʪʳ ʤʠʥʠʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʬʘʢʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʦʪʝʢʘʥʠʝ 

ʘʣʣʶʤʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ɺ ʩʦʩʪʘʚ ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ  ʚʭʦʜʠʪ 

ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʩʤʝʩʴ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʙʦʢʩʠʪʘ ʂʘʜʘʤʞʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɹʘʪʢʝʥʩʢʦʡ ʦʙʣʘʩʪʠ  ʠ ʢʦʤʧʦʥʝʥʪʳ ʠʟ ʥʠʪʨʘʪʘ ʘʣʶʤʠʥʠʷ, ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʠ 

ʛʣʠʮʝʨʠʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʝʧʣʦʪʘ ʨʝʘʢʮʠʠ, ʠʩʭʦʜʥʘʷ ʩʤʝʩʴ, ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ , ʬʝʨʨʦʤʘʨʛʘʥʝʮ, ʘʣʣʶʤʦʪʝʨʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʢʩʠʪʘ ʂʘʜʘʤʞʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʝʥʠʷ ɹʘʪʢʝʥʩʢʦʡ ʦʙʣʘʩʪʠ  

ʧʦʣʫʯʝʥ ʥʦʚʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʤʝʩʠ ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ  ʥʘ ʦʩʥʦʚʝ 

ὃὰὕȟὔὌ ὔέȟὑὓὲέ, ʛʣʠʮʝʨʠʥʘ ρȟςȢ 
ɺ ʧʨʦʮʝʩʩʝ ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʠʡ ʨʝʘʢʮʠʡ ʥʘʤʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʬʝʨʨʦʩʧʣʘʚ 

(ʬʝʨʨʦʤʘʨʛʘʥʝʮ) ʠ ʜʨʫʛʠʝ ʧʦʙʦʯʥʳʝ ʚʝʱʝʩʪʚʘ. 

 

ς 
ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ  ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

ɚik/ɚT=ȹH/ὙὝ                                                                                   σ 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʘ ʦʧʨʝʜʝʣʝʥʠʷ  ʤʠʥʠʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʦʪʝʢʘʥʠʝ ʘʣʣʶʤʝʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʫʜʝʣʴʥʳʝ 



ð 50 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʘʣʣʶʤʦʪʝʨʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ.ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʦʭʨʦʤʘ ʥʫʞʥʦ ʢ ʦʢʩʠʜʫ ʭʨʦʤʘ ʜʦʙʘʚʠʪʴ ὊὩὕ ʚ ʪʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ, 

ʯʪʦʙʳ ʫʜʝʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ ʨʝʘʢʮʠʠ ȹH ʩʦʩʪʘʚʠʣʘ ʥʝ ʤʝʥʝʝ 2845 ɼʞ/ʯ. ɿʥʘʯʝʥʠʷ 

ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ, ʥʘʡʜʝʥʥʳʭ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʨʫʛʠʭ ʩʧʣʘʚʦʚ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. ˉ1. 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʘʣʣʶʤʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥ rʧʦʣʫʯʝʥʠ ̫ʩʧʣʘʚʦʚ.  

ʊʘʙʣʠʮʘ ˉ1. 
ʉʧʣʘʚʳ ȹH, ɼʞ/ʯ ʉʧʣʘʚʳ ȹH, ɼʞ/ʯ 

ʌʝʨʨʦʭʨʦʤ 2845 ʌʝʨʨʦʢʨʝʤʥʠʡ 3980 

ʌʝʨʨʦʪʠʪʘʥ 2550-2850 ʌʝʨʨʦʤʘʨʛʘʥʝʮ 2510-2720 

ʬʝʨʨʦʮʠʨʢʦʥʠʡ 2250-2510 ʍʨʦʤ- ʤʘʨʛʘʥʝʮ 3330 

ʍʨʦʤ-ʤʦʣʠʙʜʝʥ 3220   

 

ʇʨʦʪʝʢʘʥʠʝ ʘʣʣʶʤʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʝʤ 

ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʠ, ʥʦ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʦʡʜʝʪ ʣʠ ʜʘʥʥʘʷ ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʜʦ ʢʦʥʮʘ, ʩʢʘʟʘʪʴ ʤʦʞʥʦ ʟʘʨʘʥʝʝ, ʢʘʢ ʠ 

ʪʦ ʙʫʜʝʪ ʣʠ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥ ʤʝʪʘʣʣ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʚʠʜʝ ʥʘʧʨʠʤʝʨ, 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʘʣʶʤʠʥʠʝʤ ʦʢʩʠʜʦʚ 

ʄὕὕȟ ὅὕὕȟ ὊὩὕȟ ὊὩὕȟ ʄὕὕȟ ὠὕȟὔὭὕȟὅὕὕȟ ὓὲ ὕ  ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʤʦʤʝʥʪ ʝʝ ʨʘʩʩʣʦʝʥʠʝ (ʥʘ ʰʣʘʢ ʠ ʤʝʪʘʣʣ) ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ὃὰὕ (ʥʘʠʙʦʣʝʝ ʪʫʛʦʧʣʘʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ). 

ɸʣʣʶʤʦʪʝʨʤʠʯʝʩʢʦʝ ʚʦʩʩʪʦʥʦʚʣʝʥʠʝ ʉὕ ʠ ὓὲέ  ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʷʪ, 

ʪʘʢ ʢʘʢ ʧʨʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʚʳʜʝʣʷʶʪʩʷ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʪʝʧʣʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʨʘʟʙʨʳʟʛʠʚʘʥʠ ʁʤʘʨʛʘʥʮʘ ʠ ʭʨʦʤʘ . 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʭʨʦʤʘ ʘʣʶʤʦʪʝʨʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʪʝʧʣʦʪʳ ʨʝʘʢʮʠʠ ʥʝ ʭʚʘʪʘʝʪ 

ʜʣʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ: 

ʉᾀὕ ʪʚ ςὃὰʪʚ ςὅᾀʪʚ ὃὰὕ ʪʚ ЎὌ 

ʛʜʝ ЎὌ ʂ Ўʅ ὃὰὕ ςὌίʉᾀὕ ςὌίὃὰυπς ʢɼʞȾʤʦʣʴ     τ 

ʆʧʨʝʜʝʣʠʤ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʤʝʪʘʥʘ (ʉʅ), ʠʩʧʦʣʴʟʫʷ ʪʝʧʣʦʪʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʘ (74,9 ʢɼʞ/ʤʦʣʴ), ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʩʛʦʨʘʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (393,5 

ʢɼʞ/ʤʦʣʴ) ʠ ʚʦʜʳ (285,8 ʢɼʞ/ʤʦʣʴ). ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʦʩʪʘʚʠʤ  ʨʝʘʢʮʠʶ ʛʦʨʝʥʠʷ 

ʤʝʪʘʥʘ ʩʥʘʯʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʘ ʟʘʪʝʤ ʨʘʟʙʠʚ ʥʘ ʩʪʘʜʠʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʝʷ ʙʫʜʫʪ ʠʤʝʪʴ ʥʠʞʝʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ʉʅ ςʆ ʉʆ ςʅʆ ʍ ʢɼʞ 
ʉʅ ʉʛʨʘʬʠʪςʅ χτȟω ʢɼʞ 
ʉ(ʛʨʘʬʠʪ)+ ʆ ʉʆ σωσȟυ ʢɼʞ 
ςʅ ʆ ςʅʆ ςϽςψυȟψ ʢɼʞ 

ʉʢʣʘʜʳʚʘʷ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʧʨʦʚʝʜʝʥʠʶ 

ʨʝʘʢʮʠʠ ʧʦ ʩʪʘʜʠʷʤ, ʧʦʣʫʯʠʤ ʩʫʤʤʘʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʛʦʨʝʥʠʷ ʤʝʪʘʥʘ: 

ʉʅ ςʆ ʉʆ ςʅʆ χωȟτ σωσȟυ υχρȟφ ʢɼʞ 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɻʝʩʩʘ    χωȟτ σωσȟυ υχρȟφ ʍȟ ʦʪʢʫʜʘ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ 
ʤʝʪʘʥʘ ʍ=890,2 ʢɼʞ υ 

ʈʘʩʯʝʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ: 




























































